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PREFACE 


T he present small treatise has been designed primarily, as its 
title* indicates, to meet the need^of the technical worker, 
the works chemist, and others less directly^ concerned in the 
technology of the oils, fats and waxes. 

It has been the experience of the authors, extending over several 
years, that, in the case of technical men generally, there exists a 
wide knowledge of the practical issues of the subject concerned, 
side by side ^-fth much ignorance of the basic pl'inciples underlying 
such issues. In the following pages an endeavour has been made 
to explain in as simple a manner as possible the theoretical basis 
upon which the technical processes rest, as well as to describe the 
various reactions concerning the industry. Such explanations have 
been mostly printed in specially small type, so that in the case- 
doubtless of frequent occurrence — of such matter being already 
familiar, it may be readily passed over by the reader. 

For the first time, we believe, a survey has been made of the 
whole subject of the oils, fats and waxes in a single treatise. An 
obvious advantage of this is the wider outlook so obtained, and 
the possibility of comparing within the limits of the one volume, 
the ** natural ” oils and fats with the mineral or hydrocarbon oils, 
and the ** natural ” waxes with those of mineral origin. ® 

No attempt has been made to give an exhaustive account of the 
hiSorical aspect of the various operations and of analytical procedure. 
If this is desired the reader must consult larger treatises. 

The aim, on the contrary, has been to eliminate all matter, the 
omission of which Is compatible with an adequate knowledge of 
the present-day methods of production, and of analytical control. 

The authors have endeavoured to employ as far as possible, 
a style direct and Succinct, and have made use of a special type to 
indicate at a glance«the subjfict matter of each paragraph. They 
believe that in this way it has been possible so to minimise 
the space required as to obtain a volume of convenient size for 
handling, and adequate in all respects except for academic purposes. 



vi 


preface 


A special feature is the coloured diagrams of the mo»e important 
analytical determinations. Used in the mann^ indicated the authors 
trust that these may prove of value, in particular to the works 
chemist. ^ 

Where possible in the detailed descriptions of individual oils and 
fats, a series of figures has been given showing (i) the average values 
(2) trte normal variations, and (3) the outside limits recorded for the 
various analytical data. In the latter case, the authorities responsible 
for the figures are staffed; in the case of the other two series of 
figures, these have been cbmpiled by a careful comparison of results 
obtained, in many cases, by the authors, with those published by 
other chemists. 

A companion volume on the practical analytical work referred 
to in various places in the book is in course of preparation and will 
shortly be published. 

Acknowledgmefit must in general be made to suth works as the 
now classical treatise on oils and fats by the late Dr Lewkowitsch*, 
and to a less extent to other original papers and productions. 
The figures for the Refractive Indices are mainly those published 
by Messrs Bolton and Revis*. We have to thank Messrs Archbutt 
and Deeley'*, and their publishers, for permission to print the table 
of Viscosities of Glycerine Solutions. 'I'hc following firms have kindly 
placed at our disposal the plates for reproducing many of the 
illustrations of technical apparatus: Messrs Rose, Downs and 
'I'hompson, Messrs Greenwood and Batley, Messrs S. H. Johnson. 
Our thanks are also due to Mr A. F. Fryer, M.Sc., F.I.C., who kindly 
consented to finally revise the proofs, h'or the rest, the authors trust 
that a practical acquaintance with works processes and of analytical 
methods extending over a ft umber of years may prove to be of value 
and service to those engaged m this most interesting and important 
branch of chemical industry. 


PERCIVAL J. FRYER. 
FRANK. E. WESTON. 


Ravenscar, Tonbridge. 
and The Polytechnic, Regent St., W. 

January 1917. 

^ Chemical Technology and Analysis of Oils, Fats and IVaxcs. Dr Julifts 
lewkowitsch. 5th edition. Macmillan. 3 vols. 

- Fatty foods. Bolton and Revis. Churchill. 

* Lubrication atfd Lubricants. Archbutt and Deeley. C. Griffin and Co. 
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SECTION I 


INTRODUCTION 

• 

§ 1 . The oils and k\ts industry* is essentially a chemical 
industry, i.e., it is based on certain fundamental chemical reactions. In 
order, therefore, to have an intelligent conception of the nature of the 
processes involved, and of the classes of materials which are made use 
of in this industfy, it is absolutely essential to possess a knowledge of 
the fundamental principles of chemistry both theoretical and 
practical. To take only one example out of the hundreds that occur in 
practice, e.g., fhe product known technically as*“ Disi ILLED grease 
STEARINE^”; in order that one may appreciate the properties ot this 
substance, it is necessary to have a sufficient chemical knowledge to be 
able to answer, at least, the following questions : 

(ii) What is an acid ? 

{d) What is a base ? 

(c) How are these compounds distinguished ? 

{(/) What combinations can each form ? 

(e) What laws govern such combinations ? 

.Many other questions suggest themselves and unless equipped at the out- 
set with the necessary knowledge to answer such queries it will be useless 
for the student to attempt to grasp the principles underlying works’ pro- 
cesses and methods. 

2 . Compared however with many other industries, the chemistry 
of the operations in connection with oils, fats and waxes is remarkable 
for its simplicity. There are, in fact, three chemical elements only, which 
are^concerned to any extent with the subject. These, in various conditions 
of combination, comprise all the different species of fatty and waxy bodies. 
.Moreover these three chemical elements are perhaps the commonest and > 
most familiar of all thp elements. They are the non-metals : — 

Hydrogen (symbol) H (atomii* weight) i 

Carbon „ C „ 12 

Oxygen • „ O „ 16 

The atomic weights given are t^ien to the neare.st whole number, and are 
correct to two places of decimals, rendering chemical calculations very easy. ^ 


Sec ^ j68. 



2 


INTRODUCtlON 


The mineral oils and waxes arc, chemicalJy speaWng, sini})ier 
sr//i consisting mainly of the two elements CAR$)N and hydrogen in 
combination. 

In the crude state most mineral oils contain small quantities of compound^f 
and iBlpluir, which are removed during the processes of refining. 

§ 3. The diversity of the compounds present in fatty bodies is 
attained chemically by the varying number of carbon atoms in 
the molecules of the different compounds, and also by the different 
arrangement of the adorns in the molecules. For example, the sub* 
stance known as stearic <ACID, which occurs in animal fats, contains 
i8 atoms of carbon linked to one another by chemical forces *‘in the form 
of a chain, and diagrammatically represented thus : — 

_0-0-0-0- 0 0-0-0-0-0 0-0 O -O-O-O-O-O- » 

whilst the compound known as Melissic^ Acid, which dfccurs in beeswax, 
contains no less than 30 atoms of carbon linked in a similar manner. 

Again, all the acids which occur in oils, fats, etc., contain a certain 
group of atoms arranged always in the same manner, an*& known as the 
“acid” or “carboxyl” group graphically represented as follows: 



Further, in all natural or fixed oils and fats (i.e., those derived 
from animals or plants)^ without a single exception, the base entering into 
combination with the numerous fatty-acid radicles, is, strangely enough, 
the same, viz., the trihydric basic radicle of Glycerine^ e.g. 
CaHfi s, glycerine being a trihydric alcohol*, vi/.., C.'{H.'>(OH)3. 


4. Oils, fats and waxes consist of the following natural groups : 
Products of animals 1 {a) Fixed oils, fats and waxes, 

and plants | Volatile or Essential oils. 


Products of minerals 


{a) Petroleum^ oils and waxes. 

Ozokerite*' or Earth wax. 

(<r)e Brown coal, bitumen, and peat ^ils 
and waxes. 

(</) Shale oils and waxes. 

{e) Coal tar oils. 


Bones and rosin on diy distillation give “ Iwne oil” (Dippd’s oil) and 
rosin oil.” 


* This chain of atoms is not necessarily straigl^, any more than would be a 
watch-chain when held in the palm of the hand. 

* Gk. melissa — 9. bee. 

* Gk. .sweet. 

* Arabic' <>/ = the, A'^^/=stibium= sulphide of antimony. 

* Lat. pefra -a rock and oleum =siO\\. 

* Gk. = to smell and kervs=mM.. 
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$ 6> Many plants, as stated above, yi^d two kinds of oil. 

(a) Non>VOla^e, contained mostly in the seeds and fruits of 
plants. 

(f) Volatile, contained mainly in the leaves^ stems and flowers 
^ of the plant. 

The first group are the so calK-d “fixed oils.” They are obtafned by 
means of expression from the seeds, etc., or by extraction with solvents. 
The second gioup are known as the “volatile" or “essentisCl oils.” 
They are obtained by distillation with steam .and are mainly used in 
perfumery, being all characteristically odorous h 

§ 6 . Animal and Vegetable oils are in n/lture produced by a process of 
synthesis, that is, they are built up from •simpler substanc es by means 
of the activity of the living protoplasm of animal a^d plant cells. The oil 
appears as minute splierical globules embedded in the protoplasm of the 
cell. These globules increase in size and coalesce, frequeAtly constituting 
the largest portion of the tissue in which they are found. 

The natural function of oils in plants appears to be to act as 
a reserve foocP supply for the young embryo daring its development. 
In animals, the fat forms a warm protective coat around the abdominal 
viscera and probably also forms a food reserve to some degree. 

Beeswax is secreted by the bee as a building material for the honey-comb. 

§ 7. Considered chemically, all fixed oils and fats are compounds 
of glycerine with a fatty acid, termed glycerides, which form one 
of thti classes of a large number of compounds known as “esters” 
or “ethereal’^ salts.’ 

They arc recognized by the fiict that when they arc split up by suitable 
treatment they yield glycerine and a fatty acid. The animal and 
vegetable waxes are also esters, but the base contained in these is 
an alcohol other than glycerine, and consequently no glycerine is obtainable 
from them. 

^ 8. Mineral oils and waxes may be divided into the three 
groups ; , • 

^ A. Oils and waxes obtained in a more or less pure condition from the 
earth, e.g. : 

{a) Petroleum ; 

{!)) Ozokerite. 

B. Oils and waxes obtained by extraction of mineral products with 
suitable solvents, e.g. : 

[a) Montan Wax from Brown Co.al ; 

\b) Biturfien Wax from Bitumen ; 

(< ) Peat Wax from Peat. 

^ 'I'hese form a clas.s of compounds outside the scope of this book and con- 
stitute an industry to themselves. ^ • 

* Lat. a/V//<?;'=the sky, from Gk. aitho-io burn. * 
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C. Oils and waxes obtained only by destructive distillaticjp of mineral 
products, e.g. : 

(d) Shale oil and waxes from Shale ; 

(fi) Coal tar oils from Coal tar. 

Chemically considered the mineral oils and waxes are mainly mixtureij^of 
compounds known as hydrocarbons. As previously stated, hydro- 
carbons are compounds consisting of carbon and hydrogen only, and, as 
w'ill be showm in a later section, there are many types of hydrocarbons 
whose differtinces in properties are mainly due, not to different proportions 
of carbon and hydrogen, «but to the different arrangement of the carbon 
and hydrogen atoms in thcjinolecule, i.e., to the constitution or structure 
of the molecule 
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CHEMISTRY OF THE OILS, J'ATS AND WAXES 

CHAPTER I 

FATTY* OILS, FATS AND NATURAL WAXES 

^ 9. Oils and fats are not simple substances, 'rhey are substances 
consisting of more or less definite mixtures of two or more glyce- 
rides^, simple or mixed. According to the character of the glycerides 
they contain — whether solid or liquid, etc. -and the amounts of each, so 
the properties of the various oils and fats differ one fioni the other. 

§ 1 0. Glycerides are colourless, odourless and tasteless sub- 
stances, whilst the oils and fats as obtained in commerce arc ail more 
or less distinguished by differences of colour, odour and taste. I'hese 
properties serve to give in many cases an easily recognis.'blc i haracter to 
the oils and are produced by small quantities of extraneous substances 
dissolved in the oil or fat. 

§ 11 . A pure glyceride is a compound of glycerine with a fatty 
acid. Consider for a moment the base caustic potash [KOH]; this is 
capable of combining with an acid to produce a salt and water, e.g. a 
solution of KOH and a solution of llCl when mixed till iln^ resulting 
hydrochloric acid solution is neutral^ gives a solution of a salt KCl 
(pq^iissium chloride) and more watcr^HjO: thib reaction is quantitatively 
rcpicsented by the chemical equation 

SoItUion of KOH +solution of llCl— a .solution of KCI + H 2 O. 
Similarly a solution gf KGH can form a solution of a salt wnen mixed 
with a solution of a fatty acitl, e.g. stearic acid CirlLj,-,. CO . OH, \'u. 

KOH + 7 Hr.. CO . OH--=CnHr. CO . OK-f 11 , 0 . 

Now glycerine is a trihj’dric alcohol and is thus a triacid base, 
so that one molecule of glyceijne C 3 H 6 (OH\i is capable of combining 
with three molecules of a monobasic acid, e.g. a fatty acid. The 

* One or two fats are known which appear to consist pracOcally of one 
glyceride only. • 



6 


CHEMISTRY OF THE OIlJ, FATS AjfD WAXES [§ U 

reaction between glycerine and stearic acid is represented by tke chemtcal 

equation^ 

CirHgfi.CO.OHj JOH “ ‘ 

CiTHss.CO.OiHi+CaHfifjOH 
C17H36.CO.Olll NiOH 

Since glycerine is a triacid base it is theoretically possible for one 
molecule of glycerine to react with either one, two, or three 
molecules t>f a monobasic acid ; hence the following types of glycerides 
are possible with stearic a€id, viz. 

1. Mono-glycerides. ^ 

Ci7Ha,CO . OH>f (;:3H6(OH)3 =Ci7 H35CO . O . C3H6(0II)3. +H3O 

I molecule of i molecule of i molecule of i molecule of 

stearic- acid glyceiiiie monosteaiin water 

2 . Di-glycerldes. • 

:>C,7H3fiCO . OH 4- C3 H:,(OH);.-(Ci 7H36CO . 0)3 : C,lh ■ OH +2H2O 
2 molecules of 1 molecule of i molecule of 2 molecules of 

stearic acid « glycerine disleaiin t water 

3. Tri-glycerides. 

CnH3.-.CO.OH + C3H6fOH)3=(C,7H3.',CO.O)»: C3H5. -fSHaO 
3 molecules of i molecule i molecule of 3 molecules of 

stearic acid of glycerine tristcarin water 

The structural or constitutional formula for glycerine is represented by 
the plane formula 

CII3. OH (i) or (n) 

I 

CH.OH (2) O) 

CH2.0II(3) (y) 

in which it is seen that the three hydroxyl groups OH are attached to 
different carbon atoms and are numbered ( i), (2) and (3) or (a), (/3) and (y) 
in order to indicate the position of each group in the molecule. It has 
been previously stated that the property of a carbon compound depends 
not only upon its composition by weight of each of the constituent 
elements but also upon the structure or constitution of the mole- 
cule. On referring to the monoglycerides given above it will be seen 
that ofie hydroxyl-group of the glycerine molecule has been replaced 
by one acid radicle of the stearic acid molecule and hence at first sight 
there appear to be Z/iree possible structures for the inonoglyceride, viz. 

X,:H.v..CO.O («) /OH ’ («) 

OAhfoH (^) CoH 6 (-Ci 7H3., . CO . 0 (« 

\oil (y) ^)1I (y) 

I JI 

t t 

, ^ This reaction does not t.ake place completely on mixing the acid and 
glycerine ; tlie conditions for such reaction are indicated later, 

* Gk. s/ear (at. 


Li7H35.GU.U>. 

= C 17 H 36 . CO . 0^C3H6+3H . OH. / 
C17H36.CO.O/ 
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. yOH (a) 

and C3Hfi<^OH O) 

• \C,:H 35 C 0.0 (y) 

III 


liow the positions (a) and (y) in the glycerine molecule are identical, since 
on inverting the formula the same structure is obtained, i.e. to%ay the 
positions («) and (y) are symmetrical about the molecule. Since then, 
the monoglyt erides I and III are identical but are different from *11, two 
monoglycerides are possible. ^ 

On examining the possible structures of th^ diglyccrides, e.g. 


. /C„1V:0.0 (a) 
Caft^-Cj.HneCO.O O) 
\()H (y) 

I 


• yCnHsf,. CO . O 

c.h/oh 

• \Ci7llw.C0.0 

II 


(«) 

(y) 


yOH (a) 

• C3Hr<-Q:H3r..CO.O (/i) 

\C„H:^.CO.O (y) 

III 

• •. 

it will be seen that structures I and III are identical but different from 

structure II, hence there arc two possible diglycerides. 

From the above it is also evident that there is only one possible 
triglyceride (in the case of a simple glyceride). 


5^12. As previously stated the terms “fatty oils, flats and 
natural waxes” are used to designate those oils, fats and waxes 
which are the products of animals and plants as distinguished from 
those oils and waxes which result from the treatment of certain mineral 
products. 

All fatty oils and solid fats yield glycerine on suitable treatment, 
riiis capacity of yielding glycerine is the ultimate test for distinguishing 
between fatty oils or fats and those substances which in many respects 
are similar to them. 


^13. The natural waxes (I.e. those derived from animal and 
v<^reial)le sources) resemble fats vel'y closely in mo.st of their properties, 
rhey, however, contain no glycerides and thus cun yield no glycerine on 
being subjected to the same treatment that causes fats to yield glycerine^ 
The popular names tor some of these substances arc misnomers, e.g. 
Japan wax and myrtle wax arc both true fats, yielding glycerine 
when split up, whilst sperm oil is not a fatty oil biu a liquid wax, since 
no glycerine is obtainabj^e from it. 

The natural w'axes, however, agree with the fatty oils, in this respect, 
that they are compoi^id.s of fattji' acids with alcohols, i.e. they are esters ; 
the alcohols obtained from waxes being monohydric, whilst glycerinc^is 
inhydric. 
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e 

§ 14. Glycerides, on treatment with water in the form of lygh 
pressure steam, are split up or decomposed into two pans, which, 
combining with the elements of water, product a fatty acid and 
glycerine. Taking, foi example, the triglyceride stearin, the reaction is 
represented by the following chemical equation : ^ 


C17H86.CO.Ov : : H.iOH CirHsfiCO.OH /OH 

CirHas. CO . O C3H.V + H . iOH =C,7Hv,CO . OH + C3H6<: OH 
CiTHsfi.CO.O^ ; H.iOHi CitHssCO.OH X)H 


I molecule of ^3 molecules 3 molecules of 1 molecule of 

tristearin * of water stearic acid glycei ine 


or written in contracted form,^ 


(R . CO . 0)3 ; "CaHs+SHoO^aR . CO . OH + CsH6(OTI)3 


^ where R represents a monovalent hydrocarbon radicle, known as an 

alkyl group. 

It will thus be observed that it is incorrect to speak of a hit 
containing glycerine ,sinco this body is only produced on the fat 
being split up and the glyceryl radicle CsHgiH combining with three 
-OH radicles of water. 

From the foregoing equation it will be seen that one molecule of 
a triglyceride on being split up combines with the elements of water 
producing one molecule of glycerine and three molecules of 
a fatty acid. 

In the case of waxes which are decomposed on treatment with 
a strong base, such as c.iustic soda or caustic potash, only one 
molecule of a fatty acid or one molecule of a salt of the f.itty acid 
is obtained for one molecule of the ester split up. Thus wSpcrmaceti* 
consists laigely of the ester composed of Palmitic arid and Cetyl alcohol 
CjftHgiCO . O . CioHai. and is decomposed by caustic potash as lepresentcd 
by the following equation 


CO . 0 . -Cifllbn + K OH - C10H3, . CO . OK + CigH ..OH 

Cetyl palmitate Pofassium Potassium Cetyl 

hydrate p.ilmiuue alcolml 

|i.e. one molecule of the ester yields one molecule of a salt of 
^ fatty acid. 

§ 15. Carnatiba wax contains an ester, amongst others, compo.sed of two 
molaeuloa of a fatly acid combined with one molecule of a ililiydric alcohol, which 
it yields on treatment with caustic potash ; such aleoh*»ls aie termed glycols, the 
one obtained from Carnaiiha wax having the formula CV,H6u(OH)2. 


^ fik. spemia=i^(n\, keios — 'd. whale. 
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§J6. It^has already been shewn thaf there are three classes of 
glycerides, viz. 

A. Monoglycerid^s of general formula R . CO . O . CgHf, (OH)a , 

B. Diglycerides „ „ (R . CO . 0)jjC3H,v OH, 

> C. Triglycerides „ , (R. CO . OjiAH/i, 

where R represents an alkyl group (see 14). 

Apparently only the triglycerides occur in nature. 

Reimer and Will found in an old sample mF rape-oil the diglyeerid* of l?rucic^ 
acid, vi/. (Caillu . CO . Oj-jCaHe . Oil. This nowever was probably formed by 
the loss of a molecule of Erucic acid from the triglyceride, on rancidity taking 
place. 


§ 17 . A. Monoglycerides. These were Urst obtained synthetically by 
Berthtdot who healed fatty acids with excess of glycerine iti a sealed lube ; both 
mono- and diglycerides weie obtained. 

The modern method is to mix equivalent proportions of mono-chlor-hydiin 
and finely powdered •sodium salts of the fatty acids and heat. Sodium chloride 
separates and the glyceride is extracted with ether and hllererl through charcoal. 
The reaction that takes place is rejiresented thus : 

Clijj.OH CID.OH 

1 I ' 

CH . OH -h R . CO . O . Na=CI 1 . OH + NaCl 

I I 

CHo.Cl CH2.K.CO.O 

mono-clilor- sodium salt of mono- sodium 

hydrin fatty acid glyceride chlonde 

As before staled (see § 11) there arc two possible monoglycerides of a fall\ 
acid. The following are a few of the monoglyceiides : 

yH.CO.Oa 

(i) a Moiioformiu‘‘* Call.C R-**- bi vac”o 16-1° C. 

\0[I)3 

(li) a Monoacetin^ Qillr.'f a thick liquid, soluble in water . 

Noh)., 

11. p. at 2 mm. i.^o' C. ; s.c. m i5'’C. 1*221 2 
y Cali 7. CO. O a 

(iii) a Monobutyrin^ Callr,^ an oilv liquid ; Bfv. 270' T. 

\0H)2 ^ 

« s.G. at i7°C. 1 'oo<S ; 8 volumes of*eslcr mix with three volumes of water. 


XiiH.j;;. CO. 0 a 

(iv) a Monolauvin^ C3H / 

^(0H)2 

M.p. 59° C. 

✓CuH.j7CO.Oa 
(v) a Monomyiislin*’ C3H;,\ 

^(OH)j 

M.P. 68^^ C. 


' i'Ai. €nuf;oiuai vomit. Erucic is derived from the Fiuca a genus of 
Cnicifevae whose seeds apjdied to the sjcin produce blisters. 

- Lat yyjif/y/rt = an ant. •’ l ai. arc/w/w --vinegar. 

•* Lat. hittyi urn —hmav. ® Lat. laurel. 

** Lat. myrisfica—‘A. nutmeg. 
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(vi) a Monopalmitin CaHg: 


CO* 0 a M.P* 7*®C|, 


,CO . 0 a 


/Ci7ll36< 

(vii) a Monostearin QiH/^ 

" ^(0H)2 

xCjftHst . CO . O o 
(vifi) a Monocerotin* 03115“^ 

^(OH),. 


t soluble to extent of 5 ®/o 
in absolute alcohol. 

M.P. 73° C.; crystallizes 
in microscopic needles. 

M.i>. 78-8° C. 


(ix) a Monomelissin Call// 


/ 


’C29H68CO . 0 0 


M.P. 92° C. 


CC17H33CO . O a 

(x) a Monoolein*' C3II5/ a yellowish liquid: s.G. at 11'’ C. 

^(0H)2 0*947; solidifies at o°C. 

Gruss* has" recently prepared jS monoglycerides by using dichlorhydrin and 
removing chloro-derivatives by the action of silver nitrite. 

/OH a 

(xi) i3 Monolauriit C3H5(-Ci,H.i;{ . CO . O j9 

\011 7 

/OH a 

(xii) /9 Monopalmitin CaHa^-Ci/.Hru. CO , O /3 white lenflet.s. 

\0H 7 M.P. 74" C. 


smallowhite crystals. 
M.i*. 61° C. 


B. Diglycerides. These are ])rei)ared by similar methods lo the foregoing, 
viz. the heating of a mixture of one molecule of dichlorhydrin and two molecules 
of the sodium salt of a fatty acid. There aie two possible structural forms ot a 
diglyceride (see § n), viz. : 

/R.CO.Ott /K.t'O.Ott 

C3H.K-OH 4- C.;H,-/-l< . CO . O ^ 

XR.CO.Oa \0H 

termed an or symmetrical diglycerides and a.(i or asymmetric diglyccrides. 

The following are some of those which have been prepared : 

y(H.CO.O)2 

(i) Diformin CaH/,^ prepared commercially by heating 10 

. ^OH 

g irts of pure formic acid H . CO. QH with 4 parts of 95 X glycerine to 140 C. 
ilute formic acid distils over and diformin is left. 

s.G. at 15° C. 1*304. B.p. at 20-30 mm. i63“-i66'^ C. 
/(CHsCO.Olo 

(ii) Diacetin C3H// formed together with monoacetin on 

\0H 

heating anhydrous glycerine with acetic acid. It is a commercial product and 
use<l to adulterate essential oils ; s.G. at 13“ ri78 ; B.P. at 40 mm. 173° C. 

/C3H7 . CO . O tt . 

(iii) ao Dibutyrin QjHft;;— OH s.g. at 17'^ 1 ’083 

nC3H7 . CO . a B.P.jit 19 mm. 1 73-1 ^f)'^ C. 

1 lAt. ciro/um —wax. 

^Ber, i9ro. 43. 1288, 1291. 


- Lat. oUum~i)^. 
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• • yC3H7 CO • 0 a 

(iv) afi Dibutyrin CsHg— C3H7 . CO . 0 jS b.p. at 19 mm. i66®-r68®C. 

yCjilhs • CO . 0 a 
(v) aa Dilaurin CsH/j^ OH 

'C11H23 . CO . 0 a 

M.P. i,fC, 

yCrJl /; . CO . 0 a 
(vi) aa Dimyristin CsHc^OH 

\C13H27.CO.Oa 

M.i>. 6 i° C. 

/CisHsi . CU . 0 a 
(vii) aa Dipalmitiii C3H6;;^OH 

. ^^CisHsi . CO . ( ) a • 

M.P. 70° C. 

yCi6H31.CO.Oa. 

(viii) a /3 Dipalmiiin C3ll6:^Cif>H3i. CO . O ^ 

M. V. 67° C. 

. yC, 7 H 35 .CO.Oa 

(ix) aa Distcarin CaHs^-OH /3 

\Ci7H:«i.CO.O a 

M P. 72*5° c. 

• yCi7lI;j5 . CO . 0 a 

(x) 0/3 Distearin CaHf,^ C17H36 . CO . O ^ 

\0H tt 

M.P. 74 ' 5 °C. 

yCiol I39 . CO . 0 a 
(xi) aa Diarachin ^ CaHr ^^-0 1 1 

\CioH39 . CO . 0 a 

M.P. 75'^ C. 

^(C2r,H6i.CO.O)2 
(xii) Dicerotin CaHs^^ 

M.P. 7 <r 5 °C, 

^{CoflHsa . CO . 0)3 
(xiii) Dimelissin Call.-.^^ 

\ 0 H 

M.P. 90'’ C. 

yCiYHsa . CO . 0 a 
(xiv) aa Diolein CaHs^ OII 

\C17H33 . CO . 0 a 

Oily liquid snliclifics at 0 C. 
to a white mass. 

^(C2iHn . (X) . 0)2 
(xv) Dicrucin CaHr^ 

\ 0 H 

M.P. 47° C. as i;tatcd § 16 
occurs in old rape oil. 

*C. Triglycerides. 1'hese form 98 to 99 per cent, of almost all 
neutral fats and fatty oils, fhere are two classes of triglycerides, viz. : 

(i) Simple. Those in which the three acid radicles of the 
ester are the sam(;, thus yielding only one fatty acid on 
splitting, e.g. 

XnHa^.CO.O 

Trist^rin CaH;— Ci7H3<', • CO . 0 or 

\Ci 7H:,,.C0.0 
gfnerally (R . CO . 0 );,. 

' Gk. arachos^ the name of a leguminors plant 
from the earth-nut, Arachis hypogita. 

. Applied to tly2 oil obtain^ 
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(ii) Mixed. Those in which the acid radicles of the estei^ arc 
different, thus yielding two or three ^different fatty acids on 
splitting, e.g. 

.(R. CO. 0)2 /R.CO.O 

CaH.f CO.O 

MC.CO.O \k".CO.O, 

wlicve R, R' and R" are different alkyl groups. 

li^p'io the last few years, fats were considered to be mixtures of 
simple glycerides. Now however many mixed triglycerides have been 
isolated from fats and oi|s and their occurrence is probably very wide- 
spread. ^ 

I'he isolation of these mixed triglycerides has been accomplished by 
the fractional crystallization of the glycerides from oils and fats. The 
isolation of the pure triglyceride is an exceedingly laborious task, e.g. 
Dully, an early experimenter, crystallized 2000 grams of mutton tallow 
from ether thirty-tK'o successive times^ obtaining finally only 8 grams of 
a substance which even then was not pure. 

A curious property of triglycerides is the so-called “dQUble-melting 
point” which they exhibit. Thus the glyceiide tristearin shortly after 
fusion and resolidificalion melts at 55“ C., but some time after resolidifica- 
tion the melting point is7C C., which it retains until again being rcmelted 
and solidified. 

Thi.-* phenomenon is generally attributed to the existence of two modi- 
fications of the substance, one termed the unstable or labile form 
\\hich passes into the higher or “ Stabile modification. Much un- 
cerlaimy, however, still exists on this question b 

'I'lic following list (p. 13) includes the simple triglycerides which have 
been mostly prepared by the interaction of glycerine and the fatty acid. 

It will be noticed that with the increase of molecular weight, the n.P. 
and M.p. rise, whilst the s.G. decreases, and the glycerides become less 
and less soluble in solvents, such as water, alcohol and ether, in the order 
named. The first fourteen of the glycerides mentioned in the table form 
a series of<jompounds known as saturated fats, w hich will be explained 
later when the fatty acids are considered. 

Olein, erucin, ricmolein, hnoleiii, linolenein and clupanodonin are 
unsaturated fats. 

Ricmolcin, the characteristic constituent of castor oil, behaves differ- 
ently from all the other glycerides in being soluble in alcohol. This is 
due to the presence of an hydroxyl group (OH; attached to one of the 
carbon atoms in the chain. 

S 18 . Mixed Triglycerides in which there ^re two acid groups present 
arc possible in two modifications, e.g. : 

/R.CO.O /R.QO.O 

C:,H/ K* . CO. 0 and K . CO . O 

\r.co.o Xri.co.o 

^ See le Chatelier, Compt. Rend. 1913, lOfi, 589. Griin, Benciite, 1912, 45 , 3691. 
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whilst there are thiM ponllA* ^ttran where all the acid groups are ^fierent„e.g.: 




/Ri.CO.O 

^1<2.C0.0 


✓Ri.CO.O /R 8 .C 0.0 

C3iIfi:^R3 . CO . O arfJ CsHfl^Ri . CO . O 
\R 2 .CO.O Xr^co.o 


■\R 3 .C 0.0 

the three positions of the acid groups being designated as before a, and 7, 

Th#* following mixed triglycerides are amongst those which have been isolated : 

Xi6H31.CO.Oa 

a Palinito-jSy distcarin C8H6/ isolated from lard by 

NCiTlIgfi. CO. 0)2/37 

Bomer^, M.p. 68°. 

>Ci 7 Tl 36 . CO . O 

a Stearo-dipalmitl.i C also obtained by Hansen, 

, \Ci6H3i.CO.O)2 
M.p. 55° C. ; it was probably impure. 


(i) 


(ii) 


(iii) 


/C] 3 H 27 


.CO.O 


a Mynsto-palmito-olein CsHii^ C16H33 . CO . O stated by Klimont to 

\c 


occur in cocoa-butter. 


^CnHarj.CO.O 
M.p. 25° C. 
^C,:Il33.CO.O 


(iv) an Oleo-dipalmilin Cali/ has been obtained from 

NC15H31.CO.Oi2 
tallow and* said to melt at 48° C. (llan .cnj, 

/CiiHas.CO.O 

(v) Olco-distearin CsH.i'f M.P. 44° C. 

'^(C, 7 ll 36 . CO . 0)2. 

'Phi.s was the first knowm mixed glyceride and was obtained by Heise from 
mkanyi fat and from cacao-butter by precipitating ethereal solutions of these 
with alcohol. 

An important body, which occurs in inai/c oil, viz. Leelthiii, is actually 
a triglyceride, containing several fatly acid radicles and one radicle of a substituted 
phosphoric acid ; its general formula can be rejirescnled thus : 

CO.O 

C3n/-R2.CU.O 

\ox 

where R* and R- lepresent alkyls as before ami X n picsenls the complex group: — 
/OH 

\().CH 2 .C 1 I.>v 

>N(CH 3 U 

IKK 

The fatty acids obtained on splitting laicithin from egg yolk are palmitic, sffearic 
and bnolic s(» that it s-eiiis that Lecithin is a very complex mixed triglyceride. It 
IS optically active and belongs to the large gioup of recently discovered “Phos- 
phatides,” 

19. The £rlycerides most firequently found in oils and fats 
are tripalmitin, tristcarin and triolein, although mixed glycerides 
with these acids as radicles undoubtedly occur in many cases. 

^ Bdmer suggests that the palmito-distearin he obtained from mutton tallow is 
the comriound 

/C„H„'-.C 0.0 ' 

rr X Ti £*r\ / \ /% 
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in addition to these glycerides, all oils and fats contain small quanti- 
ties of other substance^, due to the methods of extraction from the 
seeds, etc. Some of these can be removed by steaming and washing or 
Hltration. There still remain however traces of bodies which, in many 
cases, give a distinctive colour, smell or flavour to the oil. Besides these 
bodies, whicli may be regarded as impurities, there also occur substances 
which must be regarded as natural constituents of oils and fats. The 
most important of these are two complex alcohols known as phy toslberol ‘ 
and cholesteroT-* ; cholesterol has the composition OH, being 

a monohydric alcohol. » 

§ 20. All oils contain more or less SO&d glycerides, which, on 
slow cooling, separate out, giving the so-call 5 d siearines" of commerce. 
The oil is then said to be “demargarinated”^ (edible oils), or “racked” 
(cod-liver oil). 

• 

§21. The solubility of oils in various solvents is an Important 
question in commerce. They may be considered as completely insoluble 
in pure water, tlfbugh traces arc dissolved on shakixg. In this operation, 
the oil is split up into minute globules giving an apparently homogeneous 
liquid of a creamy consistence, termed an emulsion. 

This emulsion gradually separates on standing, the particles of oil 
rising to the surface and coalescing, giving a clear liquid once more. 
Certain substances greatly assist the formation of emulsions and tend 
to give a permanence to them. 

Oils and fats are sparingly soluble in COld alcohol wifli one notable 
exception - castor oiD. 

They dissolve readily in F/riiKR, chloroform carron tetra- 
CHLORIDIC, CARBON DLSULPHIDE, BKNZENE, PARAFFIN OILS, and PETRO- 
LEUM ETHER. The exception to this rule is again CASTOR oil which is 
only sparingly soluble in the last two solvents. Oils and fats dissolve 
small quantities of SULPHUR and phosphorus at ordinary temperature, 
a fact which has some technical importance. 

/ § 22. On heating above 250” some oils, notably the drying oils, 
thifken, a change probably due to ** Polyinerii.ationV' whilst tung oil is 
converted into a solid mass. (bi continuing the heating all oils begin 
to decompose, giving off volatile products, of which the most important 
IS the substance known as “acr(^n” C2H3. CHO, a derivative of 
glycerine, recognized by its penetrating acrid odour. Hydrocarbons are 
also produced in quantities dependent on the degree of heat, and 
especially when distilling^ under pressure. 

Tir. a plant and j/<far=«fat. 

- Gr. c/io/c‘ — \\ic Ijilcfnd s/ear=i^t. ^ Lat. marf:an/as=&. pearl. 

•* Lat. mslo) =a beaver. Castoreuiii is the name for a mucilaginous substance 
found in the two inguinal sacs of the hc.aver. Castor oil so called because of i* 
supposed resemblance to casforeum. ® See § 19. 
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^ i 

§ 23. The effect of the atmosphere on oils and fats‘1s a coGiplex 
one, and is best treated by considering the action of the three agents 

light, air and moisture. 

The action of light alone on dry oil protected from the air is chiefly 
noticed in its bleaching properties. This fact is made use of in 
the case of certain oils for special purposes, e.g. artists’ oils. The action 
of light in bleaching beeswax is also of commercial importance. Light 
alone is unable to produce rancidity in oils and fats. 

The action of air apart from light and moisture on dry oils is prac- 
tically nil. In the presTince of even traces of moisture the efil'ect 
varies greatly according to* the chemical composition of the oil. Those 
oils known as drying oils absorb oxygen from the air and arc converted 
finally into solid substances. Other oils absorb oxygen to a greater or 
less extent. The subject is fully discussed in a later chapter. 

The effect -of moisture on an oil or flit is generally speaking to 
prcxluce a greater or less degree of rancidity. This change is accom- 
panied by the formation of free fatty acids due to the decomposition of 
the oil (see ^ 3 ). Th<' natural sweetness of the oil is loc-t and it acquires 
a disagreeable odour and flavour- a result not entirely to be attributed to 
the presence of free fatty acids. 

The decomposition of oils and fats with formation of free fatty acids 
when exposed to the air, which always is more or less moist, has now 
been proved to be greatly accelerated by the presence of soluble ferments, 
or enzymes. These are probably contained in all seeds and small 
amounts pass into the oil on expression or extraction. The action of 
enzymes in splitting oils has attained commercial importance. The 
ferment from castor seed is employed for this purpose. 

Rancidity however seems to be due, not entirely or even chiefly to 
the presence of the free acids formed as described above. It would 
appear to be also the result of the further action of air and moisture on 
the fatty acids thus formed and probably also on the glycerine set free. 
Amongst these secondary products arc the lower volatile fatty acids and 
cenain aldehydes, especially oenanthaldchyde QH,.,. CHO. 

C 

§24. Hydrogen gas has no action on oils and fats. Inthepre.sence, 
however, of certain finely divided metals the oil is hardened to a solid fat. 
This reaction, which is now the basis of an important commercial process, 
is discussed in all its bearings in a subsequent chapter. The metals 
chiefly used are nickel and palladium. Their action in helping to pro- 
duce the change is known as catalytic, a phenomenon which is familiar 
in many other branches of chemical industry. 

§ 26. Other reagents act in d?iferent wa^s on oils and fats, viz. : 
(i) Chloritie and Elromine are absorbed with evolution of 
hydrochloric and hydrobromic acids respectively e.xcept in 
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•the case of unsaturated esters. Their action is further dis- 
cussed lat^ on (see Iodine Value). 

(ii) Iodine is slowly dissolved by oils, the amount depending on 

ihe nature of the oil. 

(iii) Sulphur Chloride readily attacks oils and fats fewming 

so-called “Vulcanized fats.” 

(iv) Nitric Acid in concentrated form acts energetically ^n oils 

and fafs with the evolution of oxides of nitrogen in the form 
of red fumes. 

(v) Nitrous Acid affects the constituefit triolein in oils and 

fats, convei ting this into a solid ftody known as trielaidln. 
Thus non-drying oils, containing most triolein are solidified 
on treating with nitrous acid. 

(vi) Concentrated Sulphuric Acid produces darkening of 

the 04! or fat with a rise of temperature and evolution of 
sulphur dioxide SO2. If kept cold and mixed gradually the 
oil is converted into glycerides of a complex nature. At 
tcmfieratures above 100° C. the oil is piartially split up into 
glycerine and sulpho-compounds of the fatty acids. 

(vii) Alkalies split up the glycerides in the oil, combining with 

the fatty acid radicle to form a salt known as a Soap and 
liberate the glycerine. This reaction forms the basis of the 
soap industry (sec § 13). 




CHAPTER II 


MINERAL OILS AND WAXES 

26 . Petroleum and <ifude paraffin, i.e., the crude oil obtained by the 
distillation of carbonaceous material, e.g., shale, are complex mixtures of 
hydrocarbons ; crude paraffin also contains carbon compounds of 
nitrogen and oxygen^ whilst some petroleums contain sulphur compounds. 

g 27 . Though, as previously stated, hydrocarbons are compounds 
containing only cai'bon and hydrog^en (§g 2, 8), great diversity in 
properties is exhibited amongst the many members that form this class 
of compounds. It has been found possible, however, to classify the 
immense number of hydiocarbons into well-defined groups or series, 
the members of each series, though differing amongst themselves, 
possessing some property or properties characteristic of that series which 
distinguish them from the members of another series. The members of 
a scries of hydrocarbons arc characterized by : 

(1) possessing the same structure ; 

(2) possessing similar properties ; and 

(3) each member differing in composition from the next more 
complex member by one atom of carbon and two atoms of 
hydrogen. 

§ 28 . Members of the following series occur in petroleum or paraffin 
or in both. 

I. Paraffins or methane hydrocarbons. 

The members of this series contain carbon atoms which are singly 
linked to each other, i.e., each member is a saturated carbon com- 
pound (g 39). 

The first few members of this series are : 

CII4 or CiH(2xi)+ 2 Methane 
C2H6 or C2H(2 x 2)+2 Ethane 
C3H8 or C3H(2^3),2 Propane 
C4H10 or C4H(2 x 4) + 2 Butane 
C6H12 or C5H(2 x 6)+2 Pentane 
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, CHEMISTRY OF THE OILS, FATS AND WAXES [§ H 
or writing a general formula which represents any member of the s^es 

CnHjft + gj 

where n represents any whole number. 

The constitution or structure of these bodies is similar. Taking 
CsHJ as an example, it is 
H H H 

Mil 

H-^C-rC— C— H or in a contracted form CH3 . CH2 . CH-,' 

III 

H H H * 

again, C5H12 has the structure 
H H H H H 

I I I I I 

H-C— C— C-C~C-H or CH3 . CHg . Clh . Clh . CH3. 


It will be noted that no carbon atom is united to another carbon atom 
by more than oh£ ftfrce or valency and that each carbon atom is united 
to two hydrogen atoms, except the two end ones which are joined to 
three ; each C atom is therefore fully exercising its tetra-valent 
function by being in combination with four distinct atoms. All paraffins 
possessing the above structure are termed normal paraffins. 

Now, if the structure of butane be examined, it will be found possible 
to arrange the carbon atoms in t 7 vo distinct ways, but with this reserva- 
tion that no carbon atom is to be united to another carbon atom by more 
than one force, viz. : 

H 

i 

t 

CH3. 

Two butanes are predicted by theory and two are actually known. 
This phenomenon is termed “ isomerism,” and the two compounds are 
termed “ isomers.” It will be noted that the two compounds (i) possess 
the same percentage composition, (2) possess the same molecular 
weight, but (3) differ in structure. One of the most curious phenomena 
discovered by chemical investigation is that which has come to be known 
by the name of “isomerism.” The following illustration will give a 
good idea of what is implied by the term. Acetic acid, the acid con- 

^ The dots indicate linkages between the carbon atoms. 

2 The' two dots do not imply double link^e between the carbon atoms but 
one linkage to each of the two carbon atoms. 


H H H 

I I 

-C-C-C-H 

I I I 

H H H 
or 

CH2.CH2.CH3 


I y^\ 

and H— C~C— C 


\h 

/H 

H H 


I I \ 

or 


CH3.OH ;(CH 3 )a.» 
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stituant of Wnegar ; lactic acid, the cause of sourness in sour milk ; 
and grape sugar, the s\^eetening principle of grapes are all compounds 
of C, H and O which contain the same percentage of each of these 
elements, viz. 4 o 7 oC. S 3‘3 7 oO ^^^d 6 * 67 * of H. How then comes it 
that these compounds are so different from each other in all^their 
properties, both physical and chemical? The answer is that 

(1) Each compound contains a different number of atoms o/ these 
elements in one molecule of the compound, e.g. 

Acetic acid C2H4O2 'j Composition is represented 
Lactic acid C3H6O3 I for each 9 y the simple 
Grape sugar CeHi^OfiJ formula^CH^O. 

(2) The arrangement of the atoms in the molecule is totally 
different in each case, e.g. 

Acetic acid CH3.CO.OH. 

Lactic acid CHs^OH) . CHg. CO . OH. 

Grape sugar CHgOH . CH . OH . CH . OH . CH . OH . CH . OH CHO. 
Thus it is seen that difference in properties is due to two causes. 
The second f 9 rm of butane is termed iso-toutane or secondary 
butane, and the molecule contains one carbon atom united to one 
hydrogen atom, viz., -Cll=, termed the iso- or Secondary group. 
Similarly it can be shewn that three pentanes should be possible and 
three pentanes are actually known, viz. : 

H H H H H 

I I I I I 

H — C — C — C — C — C — H or CH3.CH2.CH2. 0112. CH3 no.mal pentane 

uu J 


H E 




\/ 

H 

H 

H C 

h4- 

1 

c- 


1 

H 

1 

H 

c 

• 





H H 

H H 

H 

H 


C C 


C C 


CH3. CH2, OH : (CH3)2 iso-pentane 


or (0^3)2 : 0 : (CH3)2 tertiary pentane 
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It will be seen that as t'he members of. this series insrease in the 
number of carbon atoms they contain so do the number of isomerides 
increase, but the latter increase at a much Bteiter rate than the former, 
VIS., Cell,4 can exist m five isomeric forms whilst CiH.e can exist in nine 
isomeric forms, and CgHu has eighteen possible forms. These isomers 
can be prepared artificially, but only a few actually occur in natural 
products or in distillates from these. The table on page 19 gives a list 
of the more important paraffins. 

§ 29. 11 . Olefines or ethylene hydrocarbons. 

Each member of this series contains two atoms of hydrogen less 
han the corresponding member of the paraffin series ; this is because 
there are two atoms of carben in each molecule doubly linked, hence these 
coinpounds are linsaturated (see §§ 39 and 45). 

Ihc first few members are: 

C2H4 or C2H(2 x 2) Ethylene or Ether.e 
Callg or C3H(2 x 3) Propylene or Propene 
QHfj or C4H(2 x 4) Butylene or Butene 
CftHio^or C5ll(2x.5) Pentylene or PentcVle (or Amyicne) 
or writing a general formula which represents any member of the series 


— - 6 ' 

36-38^ 


S.fJ. Occurrence 
— Coal gas, si wit 
gas 


where 

n represents any whole number. 

Olefines 

Name 

Formula 

M V 

Ethylene 

€2114 

0" (45 at.; 

Propylene 

Butylenes 

C3H6 

— 

Normal or a C.jIToiCIIa 


, f 

C-iH. :C2ll4 



Iso- 

Amylenes 

(CHoljtCtCIIa 

— 


a or normal 

P , 

a Tso- 
/3 Iso- 
7 

HexyKme 

Ilcptylciies 

/)ctyleiics 

Nunylcne 

Decatyknes 

Endecatylencs 

Dotlecylene 

Tetradecylene 

Hexadecylene 

Octodecylene 

('erotene 

MCIene 


C4lls: 

CsHo: 

(CH 3)2 

(€113)2 

CsHs: 

QiHi2 

C:H ,4 

Csllw 

C9H18 

CioHau 

€1,1122 

€,21124 

€141128 

€„jll 32 

CwHae, 

€271154 

, C30II00 


CH., 

V-ilh 

CH .(’H:CIlo 

€:€2H4 

€:€ll2 


172'’ 

195° 

+ 4" 
18° 

sr 

62° 


(58° ) 
98° [ 

1 

»5.V 1 


Small quantities 
in Canadian 
petroleum 


96° 

I 2 f 

179° 

~T 


’7y54 

■7936 

'7917 

'7910 


Distillatitm of 
Chinese wax 
Distillation of 
beeswax 
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T^e con^itution of these compounds ?s illustrated by C2H4 and 
CaHe, viz.: 


and 


H H 

u 
u 

H 

I I 

C— C C— H 


H 


or CH.>:CH2, 


or C'M2 : CH . CH3. 


H H TI 

The phenomenon of isomerism is also e\hib*tcd by these hydrocarbons, 
viz., C4II8 can exist in three possible forms, aM of which are known, viz.: 

Clla . CH2 . CH ; CH2 CH3 • CH : CH . CHg 

normal butylene or a ^ butylene 

• CH2:C:(CH3)2 

iso-butylenc 


There are fivc^possible amylencs, etc. ^ 

Under the inlluence of certain compounds, e.g., dilute sulphuric acid, 
zinc chloride, etc., the olefines have the power of imitinj,^ with themselves 
to form more complex molecules, e.g., two molecules of iso-butylene 
combine to form one molecule of isodibutylcne as represented by the 
following equation : 

(CH^)-. : C : CH2 + CH2 : C ; (CIU). = (CH 3 ) 3 : C . CH : C : (CH 3)2 

Isodibiityler*'. 

This phenomenon is known as polymerisation, and isodibutylene 
IS said to be a polymer of isobutylene. 

Similarly propylene produces polymers (C3He)n and isoamylcne pro- 
duces the polymers di-isoamylcnc (C5Hio)2i tri-isoamylene (C,r,Hio)3, etc. 


§30. in. The acetylenes. 

The members of this series are characterized by the presence of a 
triple bond belvveen two carbon atoms in each molecule : he Ace these 
hydrocarbons are more unsaturated tfian the olefines. The first few 
meintiers arc : 

C2H2 or C2n(2x2)-2 Acetylene or Ethinc 
C3H4 or CgHiaxD-z Allylene or Propine 
CtHfi or C4H(2 x 4)-2 Crolonylene or BiUine 
CgHg or C6H(2xf,)-2 Valcrylene or Pentine 
CgHio or C(tH(2x0)-2 Hcxoylene o’- Hexine 
or generally • CjJIon-a* 

These hydrocarbons exhibit the phenomenon of isomerism and 
polymerism to an e>^n greater extent than the olefines. There are 
two isomeric forms of allylene, viz. : 

CII3 . C : CH and CHg : C : CHj 

Allylene. Isomeric allylene. 
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It win be noted that iso^ieric allylene does hot possess a triple bond 
but two double bonds and hence it is not a true acetylene. *' 

Crotonylene can exist in four isomeric forms, ^iz. : 

CH, . CHj . C : CH. CH,.CiC.CH„ CH, . CH : C : CH„ 
and CHj : CH . CH : CHj, 
i.e. m two true acetylene forms and two pseudo-forms. 

Dilyte sulphuric acid and high temperatures bring about nolv- 
merization, e.g., ^ ^ 

Acwyjene at a red heat becomes partially converted to Benzene 
(CjHalj or C«H,. 

Allylene CaH, by sulfihuric acid polymerizes to Mcsitylene fC.Hjli 
or CbH, 8, etc. .. ^ \ 3 vj 

These compounds have not been found naturally in mineral oils* but 
acetylene is a product of the distillation of coal and shale and some of the 
ring compounds occurring naturally and in the shale distillates are 
probably formed by the polymerization of acetylenes. 

§31. IV. Naphthenes. 

The members of this series are saturated compound‘s, i.e., no carbon 
atom IS linked to another carbon atom by more than one valency*: they 
differ however from paraffins in that the carbon atoms form a closed 
chain, known as “a ring.” 

1 he first member contains six carbon atoms linked to each other 
by one valency and all other members contain this nucleus of six carbon 
atoms in addition to one or more side-chains. 

The structure of the first two is as shewn : 


H H 

H H 

Nc/'Nc/ 

H H 

H H 

('/ 

H^\ 

Hj 


CHj. CHa- CHj. CHs. CHj. ck, 


C»H 




H,C 

HiC 


/\ 


CHCHs 

I 

CHa 


y 


or CjHii.CHj 


H, 

to have’S^irSut^rmS'S 
* See § 39 . 
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'Jbe following members are known : 

M.P. B.P. 

8.G. 

Hexanaphlhenc 

C0H12 2° 

8 o* 8 ® 

*76 0® 

Heptanaphthene 

C7H14 - 

101° 

— 

Octanaphthene 

CgHie — 

116—- 120^^ 

•7714 @ 

Nonanaphthene 

CgHis ~ 1 

135— '40° 

•7812 

Decanaphlhene 

C10H20 — 

•ss-'Ss" 

*7084^^° 1 Occur in Cauca- 

U ndecanaphthene 

C11H22 — ^ 

i8o--i85° 

Sian petroleum 
0120 1 t 

Dodecanaphthene 

C12H24 — 

196 -197° 

Tetradecanaphihene 

Ci 4 H 28 — 

240--24I° 

•8250 ) 

Pentadecanaphthene 

CifiHso — 

246—248“ 

•829 


Fractions containing Naj^hthenes are also found*in petroleums from Galicia 
and Burmah. 


g 32. V. Benzenes. 

These hydrocarbons, like the naphthenes, are “ ring ” compounds or 
closed chain compounds. They occur to a certain extent in Pennsylvanian 
and Ohio petroleums as well as in the asphaltic oils of California (as much 
as io 7 o can be obtained from Caucasian petroleum) ; they however exist 
to a great extent in the crude paraffin oils obtained by the distillation of 
shales, and in cc^l tar oils. Unlike the naphthencj^tliey are not saturated 
compounds nor are they unsaturated compounds like the olefines. The 
first member, which is the commonest, contains six atoms of carbon in 
the molecule forming a closed chain or ring and all the homologues are 
derived from this nucleus by the addition of one or more side-chains. 
The chief members of the series are : 


M.i*. B.p. s.G. Occurrence 


Benzene 

Cfllle 

-1-0“ C. 

8o-5“C. 

*8799 @ 20“ C. 1 

1 Coal tar oils 

Toluene 

C7II8 

— 

110*3“ 

•8656 20“ j 

[ Shale oils 

Xylenes 

Cgllio 

— 

— 


Pennsylvania, Ohio 

ortho- 

C0H4 (CU:j)2 

(1-2) 


•878 @ 0“ 1 

petroleum and 
asphaltic oils of 
California 

meta- 

C«H4lCH3 2 

( 1 * 3 ) 

*37 0 


para- 

CflH4(CH3)2 

^•4) 

130— 1.37 

*862 @19” ’ 

ethyl-benzene 

CflHs. C2H5 

— 

134° 

*866 («’ 22" - 


or writing the general formula we get 

-6j 

where n represents any whole number? 

, J'he constitution of these compounds is illustrated by CuHo and CtPlg, 


H 

I 

C 


u 


11 

n-c 


C-II 

c-u 


c 


CH3 

C 

H-C^CH 


C 

I 

H 


VIZ.: 
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§ 33 . It will be noted thaS the fourth valency of each carjjon ato^ is 
not directly acting upon ony other specific atom ; as stated above there are 
no ethylene linkages in the molecule, i.e., no dodole bonds, and as there 
is uncertainty as to how the fourth valency is acting, the structural formula 
given expresses this uncertainty by assuming that the six unused valencies 
mutually act upon each other centrally in the molecule; this structural 
formula is known as the centric formula and expresses most satisfactorily 
the chemical reactions of the benzenes. 

Isomerism in the benzene series is of two kinds, viz. : 

(1) Isomerism of ppsition of the side-chain in the nucleus ; 

(2) Isomerism of the |iide-chain itself, as in the paraffins. 

Isomerism of position. 

Since the benzene ring is symmetrical only one compound results by 
inserting one side group, e.g., there is only one toluene which is derived 
from benzene by substituting a methyl group for one atom of hydrogen. 
When two methyl groups are substituted for two hydrogen atoms in 
benzene then it is possible to obtain three different positions of these 
two substituting groupc, viz. ; ‘ 


cih 


C\h 

CI13 



0 

C 

ncA 

C.CHa 

Hc/^cn 

uc/^cii 

“'V 

CH 

Hcl(^C.CIl 3 


CH 


cu 

c 

1 




CI13 


Three such compounds are actually known. In order to differentiate 
between these compounds the carbon atoms m the nucleus are numbered 
in order from l to 6, viz, : 


.1 

C 



Then if two groups attach themselves to the ring at two COnti^^UOUS 
carbon atoms, viz. (i and 2, 2 and 3, 3 ^nd 4, 4 and 5, 5 and 6, 6 and 1), 
tjie substituting groups are said to be in the 1, 2 or ortho-position ; 
again if two groups enter at two carbon atoms separated by a third carbon 
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aton^ viz. (4 and 3, 2 and 4, 3 and 5, 4 anJ 6, 5 and i or 6 and 2), the 
substituting groups are said to be in the 1, 3 or meta-position, whilst 
if the two groups enter &t two carbon atoms separated by two other carbon 
atoms, viz. (i and 4, 2 and 5, 3 and 6, 4 and i, 5 and 2, 6 and 3), the 
substituting groups are said to be in the 1, 4 or para-position. 

Thus there are three dimethyl benzenes or xylenes, viz.: 

1.2 dimethyl benzene or orthoxylene C6H4 (€1-13)2 (1, 2J 

1.3 » metaxylone C6H4 (CHa).^ (1, 3) 

1.4 » » paraxylenc C6H4 (CH3)a1;i, 4) 

Isomerism of the side-chain. 

This isomerism is of the same nature as that of the paraffins, e.g., 
there are two propyl benzenes, viz. : 

C.CH2.CH2.CH3 

and 


HC 


,/\o 


OH 


oil 

(0 



No. I is normal propyl ben/cne C-Hy n. 

No. 2 is iso- „ „ Cfillr, • C3II7 

From the above it will be seen that the possible nunioer of isomerides 
inc'reases rapidly with the number of carbon atoms, es^iecially when it is 
taken into account that three or more groups or side-chains can enter the 
nucleus. For example the hydrocarbon CioHu exist in 22 isomeric 
forms, viz. : 

1 1 /CH ■ 

CgH2(C1T3)4 CgH/ , Call/ 

^C3H7 

3 isoniericlfb 6 i'^omcrides 3 isomerides 6 isomerides 4 isonieri'les 

Rome of the higher members occur in Caut.asian petroleum, viz. : 

(1) Pseudocumene Celia (€113)3 (i, 3, 4) 

/CH3 

(2) Several of and 

^Call; 

(3) Members of CuHio* 

• 

34. Sulphur compounds. It was previously stated that some petro- 
leums contain sulphur fompound# This is particularly so in the case of 
Canadian petroleum. Mabery and Quale have isolated and identifiec^^ 
several such compounds belonging to a homologous series* of general 
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formula CftH2HS. These compounds do not contain an ethyl«ae linkf i.e., 
a double bond, but are probably constituted like the naphthenes. The 
following members have been isolated from Canadian petroleum. 


Mol. refract. 


Hexathiophane 

C0H12S 

B.P. of 
fraction 

S.G. @ 
30“ C. 

Obs. 

Calc, (from 
formula) 

Heptyirtiiophane 

CjHmS 

158—160® 

•8878 

40*82 

40*15 

Octylthiophane 

CsHieS 

167 — 169° 

•8929 

4471 

4471 

Iso'octylthiophane 

CgHiftS 

183-185° 

•8937 



Nonylthiophane 

QHigS 

193-195° 

•8997 

49 ’50 

49'35 

Decylthiophane 

CiiH^S 

20J — 209 

•9074 

53‘6 

.‘ 53‘94 

U ndecylthiophane 

128—130® 


58 •.‘53 

58*54 

Tetra-decylthiophane 

C14H28S 

(50 mm.) 
266—268° 

•9208 

71*61 

7«‘33 

Hexa-dccylthiophane 

CiflH 32 S 

(750 mm.) 
283—285° 

•9222 

80 *44 

81*52 

Octo-decylthiophane 

CisHaeS 

290—295° 

* 9^35 


— 


From the chemical behaviour of these compounds it is highly probable 
that each member is^a ring compound of which the nucleus is either 
(i) a pentamcthylene and sulphur ring, (2) a hexamcthylene and sulphur 
ring, or (3) a heptamelhylene and sulphur ring, viz., hexathiophane may be 


HjC CH.CHj 
(1) HjC<^ or 

HaC CHa 

CHa-CHa-CHa 

(2) CHa<^ ys 

Clla-CIIa-CHa 

whilst heptathiophane may be 

CH2— CH.CH2.CH3 

CH2-CH2-CH.CH, 

(I) CH*/ \s 

or (2) I 

CH2— CH* 

CHg-CHa-CHg 

CH2-CH2-CH2 

or (3) CHa/ 


Cfia- 

-CHa-ClIa 



CHAPTER III 


SAPONIFICATION PRODUCTS OF FATTY OILS, 
FATS AND NATURAU WAXES 


A. Introductory. 


§ 35 . When oils and fats are treated with steam under high pressure, 
either alone, or in^prescnce of small quantities of bases, they split up, the 
elements of water are absorbed and glycerine is produced, together with 
a mixture of fatty acids. This process of splitting and absorption 
of water is ter«ied hydrolysis or saponifics^tion. The former of 
these terms signifying a “water-splitting” is the more correct and will be 
used throughout this book. The term “ saponification ” will be employed 
only when, as the word itself implies, large quantities of bases are used, 
and when the aim is consequently to produce a soap. The reactions 
may be thus illustrated : 

Hydrolysis, i.c. water-splitting : 


/CO. OR H.iOlP /OH R.CO.OH 

: Qilifi ^-CO . OR + H . :OH =03X15^ OH + R . CO . OH 
' ‘\CO.OR H.:OH \OH R CO. Oil 

I molecule of 3 molecules 1 molecule 3 molecules of 

glyceride of water of glycerine fatly acid 


Saponification, i.e. soap-making : 


/ 


CO. OR Na. OH! 


^OH R.CO.ONa 


CO. Oi< + Nii. 0H; = C3H6;^0H +R. CO . OiNa 
’ VMJ NOXl 


R.CO.ONa 


; “T 

^CO.OR Na.iOH; 

I molecule of 3 molecules of i molecule 3 molecules 
glyceride sodium hydiaie of glycerine of a 'lodium salt, 
(a base) i.e. a soap 


§ 36 . The word SOap, although applied commonly only to the alkali 
salts of the fatty acids is, strictly speaking, the- name of all combinations 
of a mineral base with a fatty acid. Potash and soda soaps are re 
spectively the “soft” and “hard” soaps of commerce and are tlu 
potassium and sodium st^ts of any fatty acid. Ammonium soaps alsi 
find some uses. These three kinds of soap arc all soluble in hot water 
The soaps formed by t^e irealiru^t of oils with lime, calcium oxide (CaO) 
magnesia, magnesium oxide (MgO); zinc oxide (ZnO); or by the coni 
bination of a fatty acid with any inorganic base other tham the solubh 
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alkalies are termed the “metallic soaps.” They are insolul»le in vn^ter, 
and several of them are of considerable commercial importance. 

A soap is a true salt. Just as on treatment of a mineral acid with a 
mineral base there results the formation of a salt and water, so when 
a flatty acid reacts with a mineral base, a soap or salt of the fatty acid 
is formed : e.g. compare the following chemical reactions. 

iH XU NaidH • = NaCl+H . OH 

mineral mineral salt water 
acid base 

” and 

c 

R . CO . O.H!-|-Na'bH;-R . CO . ONa+H . OH 
fatty acid inineml base salt or soap water 

§ 37. Hydrolysis, or fat splitting, is produced commercially by the 
following methods : 

1. Treatment with high pressure steam assisted by small quantities 

of bases. , * 

2 . Treatment with strong mineral acid (sulphuric) followed by 
steaming. 

3. Boiling with water containing a stable fatty acid compound of 
sulphuric acid (the “ saponificr ”). 

4. Treatment with water and a certain amount of a substance known 
as a “ ferment or “ enzyme ” extracted from castor seed. 

All these processes result in producing a large proportion of fatty 
acids and glycerine from the oil or fat, leaving varying amounts of the 
original oil unsplit. 


B. The Patty Acids. 


^ 38. Chemically the fatty acids are compounds of carbon, hydrogen 
and o.xygen; they are all similar to the extent that the molecule of every 
fatty acid contains a characteristic group of atoms situated at the end 
of the cha'in of carbon atoms, known as the carboxyl group in which 
the atoms are attached to one another as shewn in the following 
structural formula ; 



O 

0~H 


or written in the contracted form 


.00. OH. 


The simplest member of the scries, namoV Formic Acid, contains 
another H atom attached to the free valency of the caibon atom of the 
carboxyl group and hence its structufe is H.OO.OH. Formic acid 
^owever is not a true fatty .acid inasmuch as it does not occur in oils 
or fats. 
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^39. yhe fatty acids are classified info two important sections, viz. 
saturated compounds and unsaturated compounds. In order that 
the reader may grasp die full meaning of this most important distinction 
it will be helpful to recall some of the fundamental ideas of chemical 
theory and shew their bearing on the significance of these terms. 

All the simple chemical substances, the elements, consist of an 
agglomeration of indivisible^ particles or atoms (an atom may be 
defined as the smallest part of an element which is capable of exhibiting 
the characteristic chemical properties of that element).* All atoms 
possess certain definite properties, e.g. 

(i) The atoms of the same element po^ess a definite and constant 
weight. 

(ii) The atoms exhibit certain preferences, under certain con- 
ditions, to combination with other atoms, termed chemical affinities. 

(iii) The atoms have certain definite powers of combination called 

valencies. 

It is with this last property that we here have to deal. It is found 
from expericnc^that one atom of hydrogen ^ nevci combines with more 
than one atom of any other element and hence the atom of hydrogen 
is said to be mono-valent, i.c. has one power of combination. The 
atom of oxygen, however, is able to combine with two atoms of 
hydrogen and hence it is termed a di-valent element. There arc 
several other elements, like oxygen, that are also di-valent, c.g. copper, 
zinc, etc. ; one atom of copper combines with only one atom of 
oxygen forming a molecule of copper oxide, CuO. 

One atom of the element nitrogen is capable of combiniug with three 
atoms of hydrogen and hence nitrogen is said to be trivalent. One 
atom of carbon unites with four atoms of hydrogen and is thus a 
tetravalent element ; similarly there are penta-, hexa-, hcpla- and 
octa- valent elements. 

In order to oljtain a better menial picture of the mechanism of 
chemical reactions, it has become the custom to repicsent the valency 
of an clemciit graphically by drawing a line, attached to 'ilic symbol 
of the clement, for each valency, possessed by the atom, e.g. 

I I 

H— , — 0— , — N -, - C ~ , etc. 

I 

' Recent investigations shew that the atom is divisiiile but this does not 
invalidate the Atomic Theory, since no chemical reaction is known in which the 
atom does not act as a whole. 

There are certain apparent exceptions to this. 

In a work of this character, written not for chemical students only, but for 
practical men, it is nece^^ary to coi^ine the discussion of chemical theory to the 
simplest possible statements and hence no evidence is adduced tor the same. 
There are many exceptions to some of the statements made but they do noiL) 
invalidate the main argument. 
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The lines represent the force or forces exerted by the atom in combining 
with other atoms, irrespective of magnitude or direction ^ 

It has already been stated that one of the characteristic properties of 
the carbon atom is its power of combining with atoms of itself. The 
following simple and well-known compounds of carbon illustrate the 
modes of combination of carbon atoms : 

(1) Ethane, a gas occurring to a small extent in coal gas and 

having the composition C^He. f 

(2) Ethylene, another gas occurring to a much larger extent and 

repiesented by the formula C2H4. 

(3) Acetylene, the w^ll-known illuminant, whose formula is C2H2. 
Now it has been shewn that the various valencies in these compounds 

are distributed between the atoms as shewn in the following structural 
formulae: 


H 

1 

H 

1 

H H 

1 1 


1 

H-C- 

i 

-C-H 

1 

1 1 
c-c 

I i 

H-C-C-H. 

1 

H 

1 

H 

1 1 

H H 


0 

0 

(2) 

(3) 


, It will be observed that in all the formulae the atoms of H are shewn to 
exeit one force or valency, whilst in (i) the carbon atoms each exert 
4 valencies, in (2) each carbon atom exerts 3 valencies, and in 
( 3 ) each carbon atom exeits only 2 valencies. 

All compounds in which the carbon atoms as in (1) exert a valency of 
four are said to be saturated, whilst compounds like (2) and (3) where 
the valencies of the carbon atoms appear to be 3 and 2 respectively are 
said to be unsaturated. 

Again it is supposed that, in compounds containing two or more 
carbon atoms, these do each e.xert four valencies and that if the latter are 
not used up in combining with atoms of other elements they arc in some 
way^ used to combine the carbon atoms themselves ; thus in ethylene 
and acetylene the valencies are supposed to be used as shewn in the 
following formulae ; 

H II 

1 I 

C-C H-C~rC-H, 

I 1 

H H 

i.e. in ethylene the two carbon atoms act on each other with two valencies, 
spoken of as a double linking (or bond), whilst in acetylene the two 
carbon atoms act upon each other with thre^ valencies called a triple 
linking. 

1 The question of the spatial arrangement of the carbon valencies will be 
^discussed laip. 

* The manner of combination will be indicated later. 
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AUcarbnw compounds containing double and triple linkings are said 

to be Tinsaturated. ^ 

The unsaturated fatty acids contain one or more double 
linkings in the molecule. 

The photo;^raphs Figs, r, 2 and 3 represent models of caf])on 
compounds. The large balls represent caibon atoms and the small bnlls 
different atoms or groups of atoms combined with the carbon atoms^ The 
models in figs. 2 and 3 show how two carbon atoms unite by two or 
three valencies. It will be seen that the forces arc bent out ot^a straight 



line and therefore a strain is set up in the molecule, just as in the ribs of an 
umbrella wlien it is spread. Consequently the union between two carbon 
atoms by two or three forces or valencies is unstable and slight chemical 
forces are able to break them apart; hence such compounds are c.asily 
decomposed or easily enter into chemical reaction. (Baeyer’s Strain 
Theory^). 

40 . There are five principal series of fatty acids, 

1. The Stearic ^cid scries^ all saturated acids. 

2. The Oleic acid senes ; all containing one double linking. 


1 bee page 80. 


F. & W. 
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10. Tht JjinoUc acid series ; containing two double linkings in the 
molecule. ^ 

4 . The Linolenio acid series ; containing probably three double 

linkings. 

5 . The Clupanodonlc acid series ; containing probabl>* four 
, double linkings. 

The saturated fatty acids are distinguished practically frdm the 
unsaturated fatty acids by the fact that they are unable to directly 
combine with bromine whilst the latter ca«, one molecule of an 
unsaturated fatty acid being able to combipe directly with 2, 4, 6 
or 8 atoms of bromine according to whether it contains l, 2, 3 or 4 
double linkings. * 


§ 41 . The Stearic Acid Series. 

The simplest member of this series, as previously stated, is Formic 
Acid. The members of the series increase in complexity by regular 
differences of onl atom of C and two of hydrogen, i.e. by CHo. The 
structural formulae of the first three members being : 


Formic acid 


Acetic „ 


H~C'f or H . CO . OH 

\0-lI 

H 

I yO 

H-C— Cf or CHj.CO OH 

I \0—H 
H 


Propionic „ 


I I 

H-C — C— cf or CHt.CH^.CO.OH 

I I \o-ii 

,H H 


A very cuiious and important point will be noticed regantling fatty 
acids which occur in fats, oils and Vaxes. Only two (valeric acid 
and^daturic) contain an odd number of carbon atoms in the 
nu^ccule, all the others having an even numberb 
/ As formic and acetic acids do not occur in oils and fats they are 
omitted in the following table of fatty acids : 


* Acids having an odd number of carbon atom*', which were in the past 
believed to occur in certain fats, have been shewn to be mixtures of two or more 
acids of even numbers of carbftn atoms. It is even possible that the Valeric acid, 
which is stated to occur in Porpoise and Dolphin oils, is a mixture of Butyric and 
Caproic acids. It is know^ that certajji mixtures of fatly aculs behave as regards 
melting and solidifying points like pure chemic.al substances. Thus a mixture 
of 45*5 °/o Stearic acid and 5^-5 Palmitic acid cannot he separated by crystalli- 
zation from Alcohol ; it is a “eutectic mixture.” * 
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^ §42. be noticed that with the increase in the number of 

carbon atoms (and consequent increase in the molecular weight), 

(rti) The specific gravity decreases. 

{d) The solubility decreases. 

(c) The melting point increases. 

The lower members of the series are liquids ; the higher members arc 
hard white crystalline solids, whilst the intermediate members are buttery 
in consistence. Resides being more or less soluble, as state!!, in water 
the lower fatty acids, butyric, valeric, caproic, oaprylic, and capric are 
volatile in steam, i.e. on boiling with water thq^e acids tend to pass over 
with the steam and can hence be condensed with the steam. This fact 
is made use of in the Reicliert test applied to those fats which contain 
lower or volatile fatty acids, e.g. butter, cocoanut, etc. 

§ 43 . Acetic acftd. ci I3 . co .011. 

This acid has been stated to occur in the seeds of the spindle tree. Confirma- 
tion is necessary. For properties of this acid see text-books on organic chemistry, 

• • 

Butyric acid. CH3 . (CHa)^. CO . OH. 

This acid occurs as a mixed glyceride in butter-fat to the extent of 
67 o- Colouiless liquid crystallizing at - 19" C. ; its aqueous solution recalls 
the odour of rancid butter. On warming an alcoholic solution of the 
acid with sulphuric acid, ethyl butyrate CH3(CHj2CO . OC-iHr, is formed 
(liquid with pine-apple odour). 

Valeric acid. CH^ . (C . CO . OH. 

It is doubtful whether this acid occurs naturally or not. It is stated 
to occur in the two blubber oils from die porpoise and doljihin, but it is 
probable that the acid taken to be valeric is a mixture of butyric and 
caproic acids. 

Odour resembles putrid cheese. 

Colourless liquid. li.P. i86°C. Solidifying at j 8‘'C. Soluble at 16“ C 
in 27 volumes cf water. • 

Caproic acid, c: H;, . (C H2)4 . CO . O H. 

Occurs together with butyric acid .ind the two following acids in 
butter-fat, cocoanut and palm nut oils. Has an odour resembling that 
of sweat. It is distinguished from butyric acid by the fact that zinc 
caproate {CHg . (0110)4 . CO . 0 }..Zn . HgO is precipitated on adding the 
acid to a solution of zinc acetate. 

100 parts of water dissolve i ri parts of Rariuiii caproau 10-5° C. 

Caprylic acid. CH3.*(CH2)o.CO.OII. 

Resembles the preceding acid.^ It is a liquid which crystallizes on 
cooling to 12° C. in plates melting at 16*5^ C. 

100 parts of water dissolve o'biq parts of Barium caprylat® at 20“ C. 

The Ethyl ester CHg. (CIl2)6. CU . OC^llg boils at 207- 208" C. 
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Oaprio acid. CH, . (CHj)# . CO . OH. 

Crystalline solid. M.P. 3f3“ C. 

Barium caprate nearly intoluble in cold water and sparingly soluble 
in boiling water. 

The Ethyl ester boils at 243-245*0. 

Laurie acid. CHg. (CHa^io.CO. OH. 

Oc>:»irs in cocoanut oil, palm nut pil, laurel oil and in the less known 
tangkallal^ and dika fats. 

Crystallizes from alcohol in needles. M.P. 43*6° C. 

The previously mentioned acids can all be distilled at atmospheric 
pressure unchanged. Lafiric acid, however, and all the acids of higher 
molecular weight in this ceries undergo decomposition unless distilled 
under reduced pressure. 

100 parts of boiling water dissolve only 0-07 parts of Barium laurate. 

The Ethyl ester solidifies at -• 10* C. $ 

Mypistic acid. CH3 . (CH2)i2 • CO . OH. 

This acid forms a large proportion of the lesser known fats belonging 
to the ‘‘Myristica* ’’'group. To a less degree it occifis in cocoanut oil, 
palm nut oil, lard, linseed oil, arachis oil, butter-fat and several other fats. 
It probably also occurs combined with monohydric alcohols in sperm- 
aceti and wool wax. 

Completely insoluble in water. 

M.P. S3’8' C. 

Barium myristatc is almost insoluble in bo. ling water. 

The Ethyl ester solidities at 10-5-1 i ^^C. 

Palmitic acid, CH3 , (CH2)i4 . CO . OH. 

This acid occurs in most vegetable and animal fat.s. In large quan- 
tities in Palm oil, Chinese vegetable tallow, Japan-wax and Myrtle-wax 
(Myrica-tallow), 

also in Spermaceti as cetyl palmitate 
Beeswax „ myricyl „ 

Opium-wax „ ceryl „ 

Palmitic acid can be produced from oleic acid by melting the latter 
with caustic potash (KOH) ; the reaction is a.s follows : ^ 

CnHas- CO . OH + 2 KOH = Ci^Hs, . CO . OK -b CH3 . CO . OK -t- H. 

oleic acid caustic potassium potassium hydrogen 

potash palmitate acetate 

Oxalic acid is stated to be formed during the reaction, which once 
formed the basis of a technical method (Varrentrap’s process). 

Slightly soluble in cold alcohol (about 9 7 o 19 ** 0 .). Readily soluble 
in boiling alcohol. 

Barium palmitate dissolves to the extent of *0035 parts in 100 parts of 
absolute alcohol. 

^ Or. T/turizo -lo be fragrant with ointment, referring to the odour of the fruit. 
Myristacea is the name of a botanical order to which the nutmeg belongs. 
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It# Ethyl^ester has m.p. 24*2“ C. 

The acid possesses ^^.P. 62° C. 

Daturic acid^ CH.h . (CHg),^ . CO . OH. 

This acid has recently been proved to exist in Datura oil. It forms 
the notable exception of being the only acid with an uneven numb<^r of 
carbon atoms proved to exist in an oil. 

M.P. 59 * 5 “ C. j more soluble in alcohol than Palmitic acid ; Eilij^l escer 
has M.P. 267° C. 

Stearic acid. CH3 . (CH2)i6. CO . OH. 

This acid is very abundant in all fatb and many oils. It is also 
obtained by the catalytic hydiogenation of tlfe unsaturated fatty acids, 
containing the same number of carbon atonis^ e.g. oleic, linolic, iinolenic 
and clupanodonic. 

When boiled under ordinary pressure it distils at 360'^ C. but suffers 
slight decomposition ; under a partial vacuum it can be distilled unchanged. 

It is insoluble in water. 

Hot alcohol dissolves it re.adily; 100 parts of cold absolute alcohol 
dissolve about 2*f parts of stearic acid. • 

Barium stearate is practically insoluble m alcohol. 

The Ethyl ester lias M.P. 367'' C. 

The acid has M.P. 69*32'^ C. 

Arachidic acid. CH3. (CHo^s- CO . OH. 

Occurs naturally in Arachis oil and in smaller quantities in rape oil, 
cacao butter and cow butter. 

Sparingly soluble in cold alcohol ; dissolves readily in boding alcohol. 

Ethyl ester. M.P. 50'' C. 

Crystals of acid. M.P. 77" C. 

Behenie acid. CH3 . (CHalio • CO . Oil. 

Occuis in Ben oil. 

TOO parts of alcohol di.ssolve o‘i02 parts of the acid at J7‘’C. 

Ethyl ester, m.p. 48“ C. (Voclckcr). 

M.P. 80-82° C. The .synthetic acid prepared by the hydiogenation of Erucic 
acid has m.p. 83-84° C. * 

Llgnoceric acid. CHg . (Cll^lai • CO . OH. 

Otr.urs in Arachis oil. 

Ethyl ester, m.p. 55° C. 

Acid. m.p. 80-5° C.(?). 

Oerotic acid. CH3 . (CH2)24 • CO . OH. 

Occurs free in beeswax, inontan wax and in carnaiibn wax ; also in 
insect wax and wool wax as ceryl cerotate. 

The crodet acid is prcpiyed from beeswax by exhaustion with boiling 
alcohol. 

M.P. yy’S® C. ; solubl§ in methyl alcohol. 

Ethyl ester. M.p. 59-60" C. 

^ Meyer and Beer, Kaiserl. Akad. \Vi^<;cnschaften^ Wien, Jan. 1911. 



40 * CHEMISTRY OF THE OILS, FATS AND WAXES [§ II 

f 

Montanic acid. CH., . (CH2)2o . CO . OH L 

Occurs free in “ Montan Wax,” the distillefi product of brown coal 
bitumen. 

Crystalline needles. M.P. 83* C. 

Soluble in hot alcohol ; slightly soluble in methyl alcohol. 

A diglyceride has been formed CaHs (C2HH57 . CO . 0).2 OH. 

Ar.p.. 83® C. ; ethyl ester M.P. 67“ C. 

Melisqic acid. CH., . (CH2)28 . CO . OH. 

Occurs free in beeswax and in montan wax. 

Sparingly soluble in ether, soluble in hot alcohol, insoluble in cold 
methyl alcohol. * 

Ethyl ester. M.P. yfG. 

M.P. 91” C. 

J 44. The Oleic acid series. C„H2«-i CO. OH. 

The acids belonging to this scries are unsaturatcd compounds. They 
contain one double linking^ between the carbon atoms in the mole* 
cule ; they are therefore capable of combining directly ^vith two atoms of 
hydrogen being converted into a saturated acid of the stearic acid series. 
This hydrogenation only takes place however in the presence of a 
catalyst (e.g. finely divided nickel or palladium). 

The acids of this scries are more soluble in alcohol than the corre- 
sponding saturated fatty acids. The lead salts of this series, together with 
those of the less saturated acids, are soluble m ether ; a property which 
is made use of in separating them from the saturated acids whose lead 
salts are insoluble in ether. 

When treated with nitrous acid they undergo a molecular rearrange- 
ment producing compounds known as “Elaidins” (see note on Stereo- 
isomerism, § 45). 

On oxidation with a dilute .alkaline solution of potassium permanganate 
they yield livdroxy acids, in which reaction one of the two double bonds 
between two carbon atoms is ruptured and union with - OH radicles 
takes place, viz. — CH = CH — becomes — CH— CM — 

I 1 

OH OH 

According to the position of the doubly linked carbon atoms various 
isomers are possible of which a few have been isolated from oils and fats. 

The methods of determining the pi>sition of the double linking are as follows, 
the ex.implc given l)cing Oleic acid ; 

I. Tly conversion of the acids into “steaiolic ” acids. 

(^i) 'I’he acids arc treated with Br which directly combines will) the acid to 
form a dibromidc, vi/.. : 

Cl 13 . (CH 2 ) 7 Cii=cn . (cit2 )7 Co .‘oh + 1^2 • 

=CH3. (CH2)7CnBr— CHHr . (Clla): - CO . Oil. 

* Ryan and Dillon, Set, Proc, Roy. Dub. Soc. 1909 (12), 202. 
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Th^ dibromide is heated with an alcoholic solution of caustic potash 
under pressure when a steaiylic acid is formed having a treble linking. 

C1I3. (CH2)7. ciiiiiV— CHbr . (cih^)7.co. on 1-3KOH 

= CIl 3 . (CH2)7-CsC .(CH 2 ) 7 f"O.OKH- 2 KBr 4 

{c) Treatment with concentrated sulphuric acid converts the stearolic acid 
into a Keto-acid : 

CH3.{CII..)iC sC. (CIl2)7CO.OH4 H2O (containeil in the suji>hiiric acid) 
=‘CH 3 .(CII 2 ) 7 (' CIl 2 .(CH 3)7 CO. on. 

{(f) The Keto-acid gives with hydrovylan^ne hydrochloride two stereo- 
isomeric^ oximes, viz. : 

2CI 1 , . {CH2)7 . c-CHo . (cit 2)7 . CO . Oil + 2N 1 T2 . on 

|i 

=:CTn.(Cno)7.C-Cn2. (0112)7X0.011 (1) and 

II 

N.on 

cm. (cit 2)7 . c-cn2 . (ch 2)7 . co . on (2) + 2ILA 
no. N 

(<») With concentrated sulphuric acid these oximes yield two amino- 
acids, viz. : 

CTIn . (cn..)7 . c . (Nlbi) CH {Cn2)7 . CO . on (A) and 

II 

O 

cHh. (Cn2)6 . cn (NH2) . c . ctIsCCH.)-- co . on . (B). 

(') 

(/■) These amino-acids when tieated with concentrated hydrochloric acid 
yield the two acul.s : 

CHs. (0112)7. CO- Nonylic .acid. 

C( ) . on . (0112)7 . CO . on. Azclaic acid. 

Tlenc? .1 IS concluded that tlic doiihle link in oleic acid occurs between tlie 9th and 
lolh carbon atom. 

2. Hy oxidation with ozone (O3). 0/one is passed threuRh a .solution of the 
acid in hex.ane witli the production of “o/oiudes.” On boiling these witn xvatei 
they are split up into : 

(1) Nonylaldehyde CsHn . CIIO and 

(2) Azelaic acid seini-aldehycle CO . Oil . (Clljlr • ^ 

3. Conversion of nitrogen jieroxidc addition pruducts : 

This method yields information of t||p same chaiacter as the previous methods. 
The products split into two derivatives (as above) on treatment with hydiochlonc 
acid in sealed tubes. 


1 .Sec § 45. 



42 . ClimiSTRY OF THE OILS, FATS; 

Acids of til# Oitie Aoid ««ri#4 

Tiglic acid '. .m aru! occiintn}: in croton oil of ConslitUtion 

^ y/,.. ai-Cfniy). CO, Oil m.p. 6 rfc. 

Aalda C(f—Cti not hion n m oifs* 

Adds Ci2 and Cu are said to occur in the fat of cochineal. 

Ad^ Cio- Four acids with this composition are said to exist in oils and 
fals, viz. : 

(i) SlSrpogeeie add^ in Arachis oil : probable constitution is 
Cil3.(CH2)7.CH :CII. ( 0112 ) 6 . CO. OH. m.p. 33 -34“ C. 

(ii) Physetoleie aeid^Sn Caspian seal oil. m.p. 30'^ C. (?). 

(iii) Palmitoloic add » (n cod-liver oil. S.P. -i*5”C. 

(iv) Lyeopodie aeid^ in spores of lycopodium. 

Add# Cig. Five of these have been found in oils and fats, but a much 
greater number can exist, according to the position of the double bond. Fokin^ 
points out that probably the oleic acids in which the doubly linked carbon atoms 
are in an odd-even position are solid, whilst those in which it is even-odd are liquid. 

(i) Oleic acid (ordinary), double link between ^9 and 10 carbon 
atoms® (for the method of determination of the position of the double 
bond see above), viz. : 

to 

CH3.(CH2)7.CH 

ii 

CH(CH 2 )r.C 0 . 0 H 

9 

Olein is found in most oils and in many fats. It is obtained com- 
mercially as a bye-product in candle manufacture. It is difficult to 
obtain in a pure state, but when so, it is a colourless liquid without 
odour. 

Properties Solidifies at to needles which melt at 14® C. 

20 

S.G. at I5°C. is *898. Ref. Index — 1-4620. 

It distils unchanged at 256' C. with superheated steam. Insoluble 
in water, soluble in dilute and strong alcohol. 

Reaciions. On treatment with nitroius acid it produces a solid 
i.somer known as “Elaidic acid."® 

On exposure to the air and light oleic acid turns yellow and 
becomes “ rancid " with the formation of lower fatty acids which redden 
blue litmus paper. On blowing air through the acid, its specific gravity 
rises and “ oxidized " acids (insoluble in petroleum ether; arc formed. 

* Liebigs Ann. ^83, 65. 

* Kaymann, Mcnatsch.f. Chem. 1885 (6), 895. 

3 Liebigs Ann. 1855 (94), 230. ^ 

* l.jvbarsky.ybwr./^ Prakt. Chem, 1898 (57), 26. 

* Berichte, 1906, 3574. 

® Langer, Arch. d. Pharm.*‘i88g (27), 141. 

Jour. Russ. Phys. Chem. Soc. 1012 {44), 653. 

* Molinari and Soncini, Ber, 1906 (39), 2735. 

* See § 45 - 
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StUpilUT when digested with oleic acid at iso'C is absorbed without 
decomposition of the aci|J, ; at higher temperature, however, sulphuretted 
hydrogen, H^S, is evolved. 

On oxidation with nitric fiicid, dibasic acids are produced, such as 
suberic acid (CH2)6 : (CO . OH)2 and pimelic acid (CHa^s : (CO . OF.)2, in 
addition to volatile acids. 

On oxidation with dilute alkaline KMn04 solution, dihy^roxy- 
Stearic acid is the chief product (see § 51). When treated with 
concentrated sulpburio acid in the cold, oleic acid combines to 
form a substance of probable formula 


CnH,4 


^O.SOg.OHi 

\ro.OH 


Hydroxyst^ro-sulphuric acid ; 


on boiling with water, a mixture of hydroxystearic acid and its anhydrides 
is formed. The redaction will be more fully discussed in a later volume. 
Oleic acid absorbs two atoms of bromine per molecule, ft)rmmg a 
saturated compound 

CHj* (CH2), . CHBr. CH Br. (CHa), . CO . OU. 

Hydriodic acid and phosphorus reduces the acid and sub- 
sequent treatment with zinc and hydrochloric acid (nascent H) adds on 
two atoms of H with the production of stearic acid. 

The reduction of oleic acid by treatmonl with hydrogen in the 
presence of a metallic catalyst, is now of commercial importance. The 
history of the attempts to reduce the acid are discussed undo Hardening 
of oils (chapter XX). 


The following table gives the solubililv of the chief oleates m various .solvents. 


Name of salt 

Water 

I part of salt soliibit 

Alcohol j 

i in 1 

Ether j 

Rcmai ks 

Sodium Oleate 

• 

10 parts 

1 20 parts 

100 parts 
(boiling) 


Potassium ,, 

4 0 


^0 parts 

— 

Calcium „ 

Ins(»l. 

Insol. 

Insol. 

' SI. sol. in cone, 
sugar solution 

Barium „ 


Sparingly sol. 
(boiling) * 

? 

Sparingly sol. in 
hot benzene 

Aluminium „ 

! 

Insol. 

Sparingly sol. 

— 

Silver „ 



almost insol. 

— 

Copper „ 

i » 

Sol. to green soln. 

• 

Readily sol. 
to green soln. 

1 Melts at too to 
green oil 

Lead 

# 

SI. sol. 

• 

Sol. 

Melts at 80"" to 
yellow oil 


^ SaytzoflF,yij«f./. Frakt. Chem. 35, 569, 57 (1898), 26. 
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(ii) ls(H>leic acid probably double Jink (lo, n), viz. ; 


[§n 


CHs.(CH2)6.CH 


CH.(CH2)8.C0.0H 


M.P. 24^*0. 


This acid is formed on distilling hydroxystearic acid, as in production 
of candk material by acid saponification and distillation process. The 
so-called “^iso-oleic” acid has been shewn to be a mixture of acids ^ 
including ordinary 9, 10 oleic acid and elaidic acid, an 8, 9 elaidic acid 
and a hydroxystearic acid. Iso-oleic acid is obtained from this mixture 
by the crystallization of the' zinc salts from alcohol and purifying the acid 
by repeated crystallization fiom ether. 

On oxidation it yields a different dihydroxystearic acid than that from 
oleic acid. 

(iii) Elaidic acid. CO. OH. 

This is the name given to the substance formed by the action of 
nitrous acid on oleic acid. ^ 

It is a solid which* crystallizes from alcohol giving crystals that melt 
at44*5X. 

S.c, -8505 at 

Its reactions are similar to those of oleic and and it forms what is 
known as a stereo-isomer of oleic acid; the difference in their con- 
stitution may be expressed thus : 

O/c/V aaW Ehiidic acid 

CHj . (CH-.): . CH ^ Cl • (CHo): . CH 

i II 

HC . (Cl U ): . CO .OH HO . OC . (CHa); • CH 


^ 45 . The question of Isomerism has been referred to in § 28. 
.Stereo- Isomerism may be bnefly explained as follows: 

In the case of oleic acid and elaidic acid it is seen that (r) the 
number ot aton 5 per molecule is the same in both rases, (2) the 
arrangement of the atoms in the molecule is the same : and hence the 
cause of the difference must be sought otherwise. In order to explain 
the variation in properties of these two compounds it is necessary to 
consider the ariangement of the valencies of the carbon atom in space. 
According to the ideas of le Hel and van t’ Hoff it is supposed that the 
valencies or combining forces of the carbon atom are uniformly distributed 
in space ; this vvill be so if one imagines that the carbon atom is situated 
at the centre of a regular tetrahedron {O Figs.,4 and 5), and that the four 
valencies arc directed towards the four solid angles of that figure, viz. in 
the figures the angles AOB, BOC^ DOB^ AOC, are all 

equal and hence the valencies OA, OB, OC, 01 ) are evenly distributed 

c 

^ Arnand and Po.'.iernak, Compt* Rtnd. 1910 
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in spfice. ow compare Fig. 4 with Fig. 5^ and it will be noted .that no 
matter how Fig. 5 is rotated it cannot produce Fig. 4, in fact Fig. 5 is 
the image of Fig. 4 as seen in a mirror. Imagine one’s self standing at A 
in each figure and looking down on the base, then it will be seen that the 
letters C D in Fig. 4 are in a clockwise direction, whilst in Fig. 5 the 
same letters arc in an anti-rlockwise direction. It will thus be seen that 
though Fig. 4 and Fig. 5 are identical both as regards the structure and 
letters, the spatial arrangement is different, and therefore f'ig. 4 and 




Fig. 5 represent two different com])ounds ; this only holds goi.d when 
the letters at the four angles arc different, i.c. as long as the ati>ins 
or groups situated at tlu; positions occupied b]* the letters A, 6, I) 
dilfer each from one another ; e.g. the figures 6 and 7 represent the 
stiucture of the two ditferent amyl alcohols. 

In the compounds n*mtioncd uily single valencies occur between the 
carbon atoms, whilst m oleic and elaidic acid there are double linkages. 
Now double linkages can be represented diagrammatically as follows ; 
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i.e. two tetrahedra meeting ac an edge. In Fig. 8, A, Q, D re|;vesent 
four groups attached to two carbon atoms and also the same in Fig. 9, 
but it is seen that whereas A and C are opposite each other in Fig. 8, 
A and D are opposite in Fig. 9, hence the grouping in Fig. 8 is spatially 



ditfcrent from that in Fig. 9, i.e. these arrangements represent two 
different compounds having the j»ame composition and same structural 
arrangement. Oleic acid and claidic acid belong to this type, as shown 
in figs. 10 and 1 1. e- «, 

Thus compounds possessing the same composition and structure, but 
having a different spatial arrangement, are said to be stereo-isomeric. 
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(jv) Bapic aeid* occurs in rape oil. 

(v) FotroMlinlo double linking probably 6 — 7, viz. : 

CH3.(CH2)io *CH 

tl 

CII((:H2)4.C0.0H. m.p. 33°C. 

occurs in Parsley seeds. 

(vi) Choiraiitbic acid^ occurs in Cheiranthus oil; m.p. 30° C. 

(vii) Liver Lecithin oleic acid”* from Liver Lecithin. 

Acids C19. Two acids of this composition, of doubtful identity, are said to 
occur in oils. 

(i) DoegHc acid 2 m Arctic sperm oil. 

(ii) Jecoleic acid** in Cod liver oil. • 

Adds C20 . * 

Cadoleic acid’^ in Cod liver and Whale oils ; m.p. 24*5° C. 

Acids C22 . Of these acids the most important is 

Brucic acid. Double linking 13. 14, viz. 

CH3(Ctl2)7.CH 

It 

CH . (CHa),, CO . OH. m.p. 33"— 34" C. 

13 

This acid occurs in rape oil, mustard oils and fish oils, also the oil 
from tropoelum. Crystallizcb from alcohol in needles. 

It resembles oleic acid in its chemical reactions very closely; tiius 
nitrous acid converts it into a stereo-isomeride termed • 

Brassidic acid. CH3 . (CHg)? . CH 

coon . (CH.),, . CH. M.P. 65" C 
analogous to elaidic acid. 

On heating with fuming hydriodic acid and phosphorus it is reduced 10 
the corresponding saturated acid, viz. behenic acid. 

Melted with caustic potash it splits into acetic and arachidic acids 
(cf. oleic). , 

The dibromide on treatment with alcoholic potash yields behenolic 
aci^ a homologue of stearolic acid (q.v.). 

§ 46. Acids of the Linolic Series. C„h .^_3 . CO . o h. 

These acid.s contain prolmbly TWO PAIRS of doubly i.inkkd carbon atoms. 
Hence they absorb FOUR atoms of bromine, or four aloin.s of hydrogen in the 
presence of a catalyst, being in the latter case reduced to saturated acids. 

^ Jour. Soc. Chem, Tnd. 18S7, 732. 

Von Gerichten*aud Kohler, her. [909, 1638. 

® Matthes and Boltze, Arch. d. Pham. 1912 (250), 21 1. 

^ Hartley, /. Physiol. 1909 (38), 367. 

® Scharling, four./. Prakt. Chem. 1848 (43), 257. 

® Heyerdahl, Cod Liver Oil and Cheriiistry, xcviii. 

^ Bull. Per. 1906, 3574. 
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They readily absorb oxygen on exposure to the air. Nitrous ncid does not 
give ‘ elaidins.’ The lead salts are ether soluble like those of the oleic series. 

Two only are definitely proved as occurring naturafiry, both being Cis acids, viz. 

Linolic acid C|7M3i . CO . OH. m.p. under - C. 

Elseoniaigaric acid ,, . m.p. 48'^ C. 

Linolic acid. C17H3, . CO . OH. 

This acid occurs in drying and semi-drying oils. 

Its constitution has not yet been determined, though Bedford^ appears to 
conclude that it is a mixture of two linolic acids, whilst GoIdsobeH assigns it the 
formula 

CH3 . (CIl2)4 . CH sCII . CH2 . CH : CH . (CHa)? . CO . OH. 

It is a water- white oily liquid. 

b'luid at - 18“ C. 

s.o. '9026 at 18“ C. 

B.p. 229°— 230" C. at 16 mm. 

Slightly acid reaction. 

Readily soluble in alcohol and ether. 

Forms a skin in a ^iew days on exposure to air or oxyfgen. 

On bromination it yields a crystalline tetrabromide CiJl3203Br4 
readily soluble in alcohol and ether, but sparingly soluble in 
petroleum ether (cf. dibromide of oleic acid). M.P. ii4°C. 

A liquid tetrabromide is also produced soluble in petroleum ether [this 
was recently obtained crystalline from solution in methyl alcohol. 
M.I-. 54 '— 55’]’ 

On oxidation with alkaline permanganate solution a tcirahydro.xy 
stearic acid is produced, viz. 

CnH3i(OH)4 . CO . OH. (Sativic acid.) 

Salts of Linolic acid. 

Ammonium linolate. M.P. 57'’-— 58^0. sol. in alcohol, CS^, CCI4, CHCl,'!, 

warm (CH3)2CO and f’lJlfi. 

Potassium ,, s<il. iii alcohol, less, so in water. 

Ca, 13 a, ''.n. Cu and Pb linolates are soluble in ether. 

Barium Imolatc easily soluble in benzene and petroleum ether (cf. Olcic and). 

Elaeomargaric acid (ela^ostearic and). Cnll.}, . CO .OH. 

This is a stereo-isomer of linolic acid (see 45). It occurs in tung oil. 

M.p. 48' C. 

Readily absorbs oxygen and dries to a resinous mass. 

§ 47 . In addition to the Linolic scries there are two other series of acids of 
the same type formula, viz. C^IL,,.;- . CO. 01 J, hut of totally different constitution ; 
one of these, the Tazirlo add series contain a triple linkage between two 

^ Inau^. Dissert. ^ Halle a/S. 1906. 

^ Jour. Rus^. Phyy. Chem. Soc. 1906 (38), 182. 

** Matthews and Boltze, Arch. d. Pharm. 1912 (250), 223. 
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whilst the other, the Obanlmoo^e sertM possesses a eyella 

ttroettuM. 

Tavlrle aold. CH3 . (C«2)jo • C i C . (CH2)4 . CO . OHfi. 

This is found in the oil from the .seeds of lariri, Guatemala. 

M.P. 50*5®C. 

Absolrbs four atoms of bromine. 

On reduction yields stearic acid. 

Chaiilmoogrio aerlai. The constitution of the acids of this series is 
represented by the following tautomeric foriiuilae^. 


CH 

/' \ — * 

CH CIT(CH2)...C0.011 


CH2 

/ \ 

CH-C. (CH2)„.C0.0H 

I I — 1 •! 

CHjr- CHa CHr-^CIIg 

They contain only one pair of doubly linked carlxm atoms and hence absorb 
onlv two atoms of bromine. They are optically active. 

Himdoearple acid. 

Occurs in Ilyndoc;d-piis and Chaulmoogric oils. 

Easily soluble in chloroform ; nearly insoluble in other organic solvents. 

Cbaolmoogrle acid. C]sII.i202. 

Occurs in ChaulriSoogra oil. 

M.P. 68 ° C. 


§ 48. Acids of the Linolenic Series. . co . OH. 

The acids of this series probably contain three pairs of doubly linked carbon 
atoms. They absorb dar atoms of Hr jicr molecule and are red»ice(l hy H a kI 
a catalyst to the corresponding saturated fatty acid. They readily dry when 
expo.sed to air by absorption of oxygen. 

The lead and barium salts are easily soluble in ether. 

Nhrous acid does not convert them into “Klaidins.” 
mnolenic acid is the only member known to occur in oils. 

^4iinolenlc acid. Cnll^a • CO .Oil. 

Occurs in all vegetable drying oils. Characteristic of linseed oil. 
There are probably two linolenic acids, one of which occurs in linseed 
oil. This one gives a crystalline hexa-bromide. M.r. 180'' C, It is a 
20*^ * 

water-white liquid. C. ’9046 C. It absorbs oxygen rapidly from the 

air becoming dark brown in colour. O/one converts it into an ozonide. 

On oxidation with dilute alkaline permanganate it produces two 
hexahydroxy stearic acids, viz., linusic and iso-linusic acids 
C,7H2„(0H)«.C0.0H. 

Acids of the Clupanodonic Series. CnH,„.7.CO.OH. 

Zianic acid». CisHu. . CO . OH. 

Said to occur in seeds of Isanb. m.p. 41" C. Existence doubtful. 

* Arnaud, Rtnd. ijb^ ( 1.U). 47.b 84*' 

* BarrowclifT and Power, (Jhetn.Hoc* 1907, 577. 

^ Jour, Soc. Chem. Jnd. 1896, 660. 


r. & w. 
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Olupanodonio aoid^* . CO . OH. 

This acid occurs in the fatty acids of Japanese sardine-oil, herring, 
whale oils and apparently in all oils of marine gVoup. 

It is a pale yellow liquid with a fishy odour. 

Oxidizes to a varnish-like mass in air. 

It absorbs eight atoms of bromine, giving an octo-bromide 

M Ci9H2802Br8. 

This is spr ringly soluble in alcohol and ether, even on heating ; it does 
not melt below 200“ C. (cf, hexabroniide of linolenic acid). 

With H and a catalyst produces stearic acid, 

Araehidonie aeid^ Ci9tl3i . CO .Oil. The existence of this acid is inferred 
from the formation of an octouroinide of an acid obtained in liver lecithin. 

^ 49. Hydroxylated acids. 

These acids differ from those already considered inasmuch as they 
contain one or more hydroxyl (—OH) groups in the molecule. Each 
hydroxyl group is attached to a different carbon atom, i.e. no carbon 
atom is combined ^'ith more than one hydroxyl group. 

The presence of this group in an acid bestows special properties upon the 
compound, e.g. : 

(1) It tends to he more solulde water than the corresponding non-hydroxy 
acid whether saturated 01 unsaturated. 

(a) It is also more soluhle in alcohol. 

(3) A remarkable properly possessed by all hydroxy-acids in which the — OH 
gioup is attached to the 3rd carlx)n atom (called the 7 c.irhon atom) from the 
carl)oxyl group is their power of eliminating j molecule of water and producing 
an inner anhydride termed a lactone viz. 

33 I 

jHO . Cli2 . CH2 - Oll-i . CO . O 11; 7 or 3 hydroxy-butyric acid 

y P a 

eliminates f molecule of llgO, e.g. the —Oil group and the H of the carboxyl 
group producing buiyro-lactonc viz. 

CfL.CII.>.CH...(' 0.0 orClL.f. 

L r j I ) 

CII2 

3 I . 

(4) The — ('JH group in these acids possesses similar properties to those it 
possesses in the alcohols, namely, it has the power of coinliining with the acetyl 
group CH3. ('0 . of acetyl chloride e.g. 

C2nf,.0;H! + CH 3 .C 0 . Cl.=(Vlr,. 0 .C 0 .CIl 8 + lICl 

Ethyl alcohol Acetyl chloride Kthyl acetate 

jU jO . dig . CII2 . CH2 . CO . oil hCH:, .CO . |cT| 

“ =CIl3.CO.O.CH2.CH2.Cn2.CO. OH + HCl. 

f, 

* M( Tsujimolo, Co//, of Kn\r. Tol'io fmp, Univ. 1906, iv, i, 1908, 5. 

* Hartley, y<7«r. of Physiol. 1909 (38), 353. 
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9atnratd44aydroxylat0d adda 

Tlie following three are said to occur naturally. 

BaMnlo acid^.* CllzlOfl) . (('Il2),o . CO . OH. 

Occurs in the leaves of Juniperu.s Sabina. 

Sparingly soluble in petroleum ether. 

Jimlpwlc acid-*. CH2 . (( 31 1 ) . (CHg)^ . CO . Oil. 

Occurs as above. M. p. 95® C. 

^anopalmlc acid. C]t,M3.20;,. 

Said to occur in wool-wax. 

§ 50. Acids of the Ricinoleic Series. These are mono- 
hydroxylated oleic series acids : 

Eioinoleic acid. C„II:K.(0H).C0.0ri. 

The glyceride of this acid forms a large pertrentage of castor oil. 

It is a thick oil of S.C. '9509 at 15‘5“C. 

Solidifies at —6'' to - io‘ C. and melts at 4® to 5“ C. 

It is miscible with alcohol and ether. 

The constitution of the acid is 

CH3 . {Cn ,), . CH (OH) . CH2 . CH 

• i’ • 

CH .(CH.,) 7 .C 0 . 0 H. 

It will he noted that the ciubon atom piintcd in heavy type is linked up to 
four difleient groups, viz. 

(i) -CHo.(CIl2)r,; {2) TI— ; (3) HO-; and 

(4) --cii., . CH :^CH(cn2)7 . CO . on. 

.Such a carbon atom in a molecule of a compound is said to be isyiniiietric. 
Let us for the sake of simplicity call these four groups . 3 , C, />, and as in § 35 
let us constiuct the .spatial arrangements of the carbon atom O, viz. 



A 



as before we note that there aie tv^ pos^ilMe arrangements. 

^ Compt, Rend. 1901S, 1311 ; 1910 (rso), 875. 

^ Uougault and Bourdier, Compt. Retid. 1908, 1311. 
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. 'K6w if we attempt to draw a plane so u to divide either tetraUldroD' into^^t 
:cqtial parts, we shall find it impossible to obtain twq halves that are similarp^O- 
'.matter how the plane is drawn, but if for one of the groups C, D we substitute 
a group similar to one of the remaining two, viz. substitute C by ^ then we obtain 
only one possible spatial arrangement, viz. 


•A 



and now we shall find it possible to draw a plane A'lDA that cuts the tetrahedron 
into two similar halves, i.e. the arrangement ABBD Is symmetrical about 
whilst ABCD is asymmetrical, hence lor asymmetry alxmt a carbon atom it is 
necessary that the 4 groups attached to it shall be unlike. 

Many comp<junds are known such that if a beam of plane polarized light' be 
sent through a column of it either in the liquid form or in a solution of sorne^ 
solvent, the plane of polarization is rotated ihrounh a ceitain angle, dejiending 
upon (i) the length of the column, (z) the strength of the solution, and (3) upon 
the particular substance; such a compound is said to be “optically active'* and 
such a compound is found to contain an asymmetric carbon atom. Kicinoleic 
acid is optically active and it contains an asymmetric carbon atom in the mblecule. 
It has been shewn that there are two possible arrangements in space of the four 
difierent groups about the asymmetric carbon atom and where the two different 
com|xumds are known it is found that whilst one rotates the plane of polarization 
clockwise the other rotates it anti clockwise and moreover the rotation is equal in 
amount for equal lengths of columns of the same strength solutions. One form is 
thus said to be dextro-rotatory whilst the other form is Itevo-rotatory. A solution 
of e<tual weights of the dexlro- and Iwvo-comp^nd is optically inactive, i.e. it does 
not change the direction of the plane of pola^^bn of the light. 

Hicinoleic acid is dextro-rotatorjf (100 mm. tube). 

Polkrized light is light in which th^^- plane of the direction of vibration i$ 
known. • . 
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fciycinbiei*; acidiinites dittfctly* with two atoms of Br producing 
^ffhjEoroide. '* s “ 

On reduction at low temperature with H and colloidal palladium 
hydroxystearic acid is produced, whilst at higher temperatures and using 
Ni as the catalyst the OH group is split off, replaced by H with the 
formation of stearic acid. 

Nitrous acid acts upon it forming the stereo-isomeride ricinelaidio 
aoid. ^ 


CH 3 . (CH2)6 . CH . OH . CHg . CH 
':o.OH.(CHA.ck 

On Oxidation with dilute alkaline permanganate two —OH groups 
are added on producing tri-hydroxystearic acid. 

On boiling with acetic anhydride, the acetyl derivative is pro- 
duced, viz.: 


CH3 . (CH2)6 . CH . (O . OH3 . 00) . CH2 . CH 

II 

CH.rCH2)7.CO.OH. 

On treatment of this acetyl compound with NaOH solution in excess, 
sodium acetate results, and the —OH group is reformed. The amount of 
acetic acid split off can be estimated : this gives the acetyl value (see 
acetyl value test in practical work). 

Concentrated sulphuric acid gives the following products ; 

Bleinoleoinlphurlc aeid. 


CHs , (CHalfi . CH . (O . HSO3) . CH2 . CH 

II 

«... ^ CTl . (0112)7 . CO . OH. 

Dihydroa^yatearo*«ulphTiiie aeid. 

CHs , (CHjIs . C I l(OH) . CUj . cr I2 

(IISO3 . 0 ) . CH . (CHs), . CO . OH. 

IHbaaie dlrlelnolele acid. 


CHj.(CH2)6.Cn.CU2.CH 
\ II 

o CH. (CHs),. CO. OH 

CHs.CCHsIs.CII.CHs.CH 


CH. (CHs),. CO. OH. 

BConobaaie, dlriolnolalc acid. 

CHs. (Cll2)6. CH(OH). CII 2 .CH 
II 

C1I.CH2.(CH2)6.C0 

/ 

CH.CH2 .CH.(CHs) 5.CH, 

HO.OC(CHii),.CH. 
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jHhydroxytitearle aeid, 

CHa . (CH2)6 . ClI (OH) . CHa. CH^ 

(HO)CH.(CHi})7.COOR 

A toUd acid. CsoIIruO;. 

Xsorieinolale acid. CiTllaa-CO.OlI. 

Salta of Klcinoleie acid. 

Theje closely resemble the oleates in their behaviour towards solvents. 

Calcium Ricinolfeate soluble in warm alcohol. 

Barium* „ „ ,, ,, , insoluble in ether. 

Lead „ easily soluble in ether, insoluble in petroleum ether. 

Dlhydroxylatad aelda. 

ZHhirdroxyttearie acid. €1711.33(011)2. CO , OH. 

Occurs to a small extent iA Castor oil. 

M.P. 141° C. Insoluble in ether and petroleum ether; solulde in boiling 

alcohol. 

XianocMTle acid. 02911^7(011)2 . CO . OH. 

Occurs in wool wax. 

M.P. 104^' — io.a'^C. Readily soluble in hot alcohol. 

Dibasic acids. 

Japanic acid. 0^11138 : (CO. 011)2. 

This acid first identified in oils and fatsC Ftmnd in Japan wax. 

M.P. 117-7'^ ~ii7'9°C. 


g 51 . Oxidation products of fatty acids. 

In addition to those hydroxylated acid.s which occur naturally, other 
oxidation products, yielding anhydrides, arc produced in tlie oils and 
fats industries, and are therefore of interest. These are formed by the 
oxidation of unsaturaled acids and form a test for the identity of these 
acids, each pair of doubly-linked carbon atoms absorbing two hydroxyl 


groups. 

[The StearoUc gnnip of .icids which contain a pair of trebly-linked carbon 
atoms, are of gieat theoretical interest as reprcseniing a stage in the s)ilitting of 
the double bond, giving products by which the position of the latter in the 
molecule can be ascertaincil.] 

Hydroxylated aeida. 

The.se are obtained by the oxidation of unsatuiated fatty acids with alkaline 
|'.erinanganatc. Aa many OB groupt are aMlmilated aa tbere aA on- 
aatnrated carbon atoma in the molecule, (llii^ura’s Rule.) 

The following is a list of .some unsalurated acids anil theiV hydroxylated 
products: (Lew'kowitsch). 


Dnaaturated acid. 

Tiglic acid. 

Hypogaic „ 

Palmitoleic ,, 

Chaulmoogric „ 

Oleic „ 


Hydroxylated Deriyatire. 

Dihydroxyl iglic acid. 
Dihydro.vypalmitic ,, 
Dihydroxypalmitoleic ,, 
a, (i dihydroxy dihyclrochaulmoogric acid. 

Dih) 3 roxystearic* 


' L. A. Rlierhardt, ludug. Diss.^ Strasbufg, 1 888. 
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Kydroxylated BerivatWe. 

Diliydroxybtearidic add 
“ Paradihydroxystearic” ,, 
Dihyilroxypelrosclenic „ 

Trihyilroxystcaric acid (and an iso- acid) 
Iso-trihydroxystearic acid 
Tetrahydroxystearic „ (Sativic a^id) 
ITexahydroxystcaric „ (Linusic ,, ) 
Ddiydroxygadoleic „ * 

Ddiydroxybehenic ,, 

I.so-<lihydroxybchenic ,, 

Octohydroxystcaric „ 

Oclohydroxystftaric ,, 

(I, lo) Hydxoxyateaxie acid. Cl I3 . (CHj): . CH(OH) . (CH2)8 . CO . Oil. 
Prepared commercially by treatment of a petroleum ether soliilion of oleic 
acid with concentrated HaS04 . 

Crystalline bod'^ m. i*. 81^^— 85"^ C. 

Alcohol (at 20' C.) dissolves 8*8 7 o. 

Ktl’er „ „ 2-3 X. 

On distillation in vacuo, part of the acid changes into oleic and iso-oleic acids, 
(i, ri) Hydroxystearic acid. CII3 . (Cllglc. CIl . (OH).(('IJ.)„. CO . 01 f. 
Formed in treatment of “ iso-olcic” acid with sulphuric acid at low tempci;Mnics. 
M,p. 77°— 79°C. ; more soluble in ether than the 1, 10 acid. 

But alcohol at 20° C. dissolves only 0*5 7 o* 

Dislds unchanged at 100 mrn. (cf. 1, 10 acid). 

(1,4) Hydroxystearic acid. Crig. (Cll2)i3. CIl(OH' (Cl 12)2 - CO . OH. 
The free acid has not been prepare . as it passes into an inner anhydride or 
lactone by the cliininatio^n of one molecule of water, a pro] leriy common to all 
I, 4 (or 7) hydroxy-acids, viz. 


Vnsatnrated acid. 

Elaidic acid 

“Iso-oleic” ,, 

Petroselenic „ 

Ricinoleic ,, 

Ricinelaidic „ 

Linolic „ 

Linolenic ,, 

Gadoleic ,, 

Krucic ,, 

Brassidic ,, 

Arachidonic ,, 

Clupanodonic ,, 

Monohydroxylated acids. 


CII3. (CIC),..cn (OH) . CHa.ClIo.CO.Oiir 

y -pa 

= ( 1 1 j(CH,),3 . CTI . Clh . CTIo . CO + H2O. 

A J • 

^earo-lactone as above is one of the products of interaction of concentrated 
H2SO4 on ordin.aiy oleic acid; it is also formed on heating ordinary oieic acid 
with 10% of ZnClj to I58°C. 

M.P. 47° — 48° C.; distils unchanged (almost). 

Soluble in alcohol, ether and pelroleiim ether. 

Dihydroxylated acids. The only important member is 
9, 10 Dihydroxirstearic acid. 

t 

.cir3 . (Cii2)7 • CH(on) . ch(OH) . (0112)7 . co . on. 

Prepared by oxidizing tfl-dinary oleft acid w'ith alkaline permanganate. 

i33°C. ; soluble in hot alcohol, easily; sparingly in ether; insoluble in 

water. 
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'{ i$j !♦ Dihydroxybehenic acid. CH3(Cfl2)7 r CH . OH 

C«.OH.(CH2 )u.CO.OH. 

Formed on oxidation of Erucic acid. 

M.P. ; soluble in warm alcohol, insoluble in' ether ] 

Tferltiydroixylatad adds. These are formed by the oxidation of Rtcinoleic 
acid. There are two forms, both of which are optically active 

(1) M.P. 140°— 142° C. 

(2) M.P. iio°— 

Tdrohydroxylatsd adds. 

Satlde add. Ci7H3i{OH)4 . CO . OH. 

Produced by the oxidation of Linolic ,icid. 

M.P. i73'’C. ; soluble 1 pajrt in 2000 of boiling water, insoluble in cold water, 
ether, chloroform, carbon disulphide and benzene ; 

Soluble in hot alcohol and .acetic acid readily. 

Bazaliydroxylatsd adds. 

Zdnasic add. CnHaalOHlo . CO . OH. 

Formed by the oxidation of Linolenic acid. 

M.P. 203” — 105 '^C. 

More soluble than tfie preceding acid. 

Oetohydrozylatsd adds. 

Clupanodonic acid should yield octohydroxyslearic acid. This has not been 
examined. 

§ 52. Acids of the Stearolic Series. 

These are formed by treating the di-bromo-acids of the oleic acid 
series with alcoholic potash solution ; 2 molecules of hycirobromic acid, 

H Br, arc split off and a triple linking is formed, viz. : 

CHn , (CH2)7 . C.HBr: . C;HBr; . (CHg); . CO . OH 
= 2HBr+CH3.(CH2)7.CsC.(CH2)7.CO.OH. 

These acids are very stable and do not oxidize on exposure to the"^ 
air. On , treatment with iodine chloride, as in the iodine test, only one 
molecule of 101 is absorbed. 

Tad/e of acids of Stearolic series 

' Name Constitutional Formula Obtained from ^ jil.P, 

Palmitolic CH3(CH2)7 . C s C . (C 112)/,. CO . OM Hypogaxiic Dibromide 42^0. 
Stearolic CH3(CH2)7. CsC .(CH2)7. CO.OH Oleic dibromide 48®C. 

Pctroselenolic* CH3lCH2)io-CsC. (CH2j4.CO .OH Petrosdenic ,, 45^C. 

Behenolic CH3(CH2)7.CsC.(CH2hi.CO.OH Erucic „ ,‘i7'S®C. 

Ricinostearolic CHa- (CH2)6.CH(OH) .CH2.C Ricinoleic „ 51®, C. 

sC(CH2 )7#C0.0H • 

^ E. Vongerichten and ^x. Kohler, Ber. 1909 (149), iio. 
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^ aa^ pllMuuc aoidci. 

interesting as being products of the splitting of 

V 1' They are all soluble in wfter 

aitq Cftj^ be readily isolated and identified. 


Name 

Suberic acid 
Azelaic ,, 
Sebacic ,, 
Brassy lie „ 


Formula 

CflHi2(CO . On)a 
^7Uu{CO . 0H)2 

C8 Hi6 (CO.OH)2 
<^'iiH22(CO . 011)2 


Solubility in 

M.p. 100 parts of water at ao* C. 
140° C. o‘i6 parts 

io6-2°C. 0-24 „ 

o'lo „ 

112OC. 074 (a#24°C.) 


§ 54. Alcohols. 

As all natural oils and fats are compounds of glycerine, and contain 
no other alcohol, the alcohols given in the list Ijelow have all (with the 
exception of glycerine) been isolated from waxes. Only those whose 
1 entity is established beyond doubt are given in the table. 

fliA •leohoUis applied to all compounds derived from hydrocarbons hy 

^o„n? r"’' ltydr«,l 

many series of alcohols. The alcohols conlaining 
I M ^ group per molecule are known as monohydxte aleohoU, 

"<-■ “"n-J ■Uky.lrte; there are also trthydrtc. 
fxaliydrle alcohols. The first member of each 
senes contam, as many carbon atoms as hydroxyl groups in the alcohol : thus the 
tirst member of 

J'! II*® Monohydric alcohols is CII3 . (Ill Methyl alcohol 

(3) The Tnhydric QHs(OH)., Glycerol ^ etc. 

Since It has been found by experience that no carbon atonx^ la able to carry 
more than one hydroxyl group. 


The 


Monohydric Alcohols 
or 

Ethyl Alcohol Series. + 


Name 

Formul.i 

M.P. 

Cetyl alcohol 

ClpUgvOH 

50° c. 

Octodecyl ,, 

CisHar . OH 

.*59° C. 

Arachyl „ 

C20H41 . OH 

70^ C. 

Ccfyi, .■ 

O'joHsa . OH 

79 ' 0. 

Melissyl ,, 

CgoHoi . OH 

88""C.(?) 


Occurrence 

Spermaceti as palmitate 
Spermaceti • 

Fat of l^ermoicl cysts 
Chinese wax 
Beeswax as palmiiute 


Name 
Anonymous 
Cocceryl alcohol 


Dihydric Alcohols 
or 

Glycolic Series. C„H2»(01I)2. 


Formula 

C24H,8«0H)2 

CtioHeoiOH)^ 


Occurrence 

• oj°C Carnauba wax * 

101° — i04°C. Cochineal wax as coc« 
cerate 


J There are very few exceptions to this. 
* Stiircke, Liebig's Ann. 223, 283. 
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» ^ 

Trihydric Alcohols 

or 

Glycerols. CHH2n-i(Orf)8. 

Name Formula M.r. Occurrence 

Glycerol C3H6(01I)3 crystals melt All natural oils and fats 

at 20 ° C. as glyceroids 

Cyclic Alcohols 
or 

Sterols. 

Name Formula m.p. Occurrence 

Cholesterol C27H40O 148'’ — I50°C. Free in all oils and fats 

from animal sources 

Iso-Cholesterol CiiHieO 137° — J38°C. Wool fat 

Bombicesterol C>2H44() . II^O 148"^ C. Chrysalis oil 

Phytostcroh All vegetable oils 

Sisosterol C27TT4oO (?) Maize oil \ 

Bravsicasterol C'2 .hH4oO . IIoO J48'^C. l^lape oil I 

Sigmasterol Cad 1 . 1 1 (?) 1 70'^ C. Calabar' bean 1 

Coprostcrol C26n4jO(?) 98® — 100® C. Sewage Hits 

Monohydiic alcoiiolfl. 

These occur mostly in waxes. They are of a slightly basic nature owing to 
the presence of the Oil group, hence they combine with acids to form salts 
(ethereal salts or esters), the reaethm taking place more readily in the ]>resence of 
a dehydrating agent viz. Il^SOj. 

The reaction is similar to that already given before with glyceiine, c.g. 
CII3.CO.OH' + CTG. OH = CIG.CO.OCIG + H.O. 

acetic acid methyl .'ilcohol mclhyi .i< l•lale w.iur 

(an estci • 

Heated with toda'lline the higher monohydric alcohols give off hydrogen and 
are converted into salts of fatly acids, e.g. 

Ci.sl I u . CHa . OH f .NaOII = Cxr,Hu . CO . ONa 2n.>. 

cetyl alcohol sodium p.ihmtate 

This reaction is made use t'f in the estimation of the alcohols. 

Cetyl alcohol. C10H3J.OII. 

Occurs in epermacetl combined with palmitic .acid. 

It is a white, tasteless, odourless solid. 

M.l’. 50' C. ; B.i*. m vacuo iiy^C. 

S.G. ^ =-8103. 

4 

Insoluble in water, soluble in alcohol, ether and lienzene. 

Ceryl alcohol. CjoHoaOIl. 

Occurs as ceryl cerolate in Chineee wax and as cetyl palmitate in Opium wax. 
Also cxiits free in wool wax. 

Traces are found in beeswax, Japan wax, flax wax and carnauba wax. 

M.P. 79° C. * 

Heated with soda-lime it yields ccrotic acid. 

Kcliityl alcohol. CaoHoiOIl. 

Occur§ as palmitate in boctwax; also in carnauba wax, sugar cane wax, 
curcus wax and many oils and fats contain small quantities. 
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Silky needles, m. p. 85°— 88^^ C. 

Nearly insoluble in cold but soluble in hot alcohol, sparingly soluble in 
petroleum ether and chloroform. 

Heated with soda lime yields melissic acid. 

Dihydrlc alcohoto (see table). 

Triliydbrle alcohols. 


Glycerol. C3H5 (011)3. Structural formula: 

CIL.OH 

I 

CH.OH 

I 

CII2.OH. 

Occurrence. 

Occurs as the basic constituent in all oils*and fats. 

Properties. 

It is a colourless, odourless, viscid liquid with a sweet burning taste. 
Neutral to litnius. 


On exposure to cold for a long time rhombic crystals are formed. 
M.P. 20° C. 

Absorbs 50 of water on exposure to moist atr. 


Difficult to free from last traces of water (obtained anhydrous by 
standing over sulphuric acid in vacuo). 

8.0.^^0=1*26468 [for S(;. of dilute solutiou.s sec Tables at end of 
book]. 

13 .P. at atmosphere = 290“ C. with slight decompositioii, below 12 mm. 
pressure it distils unchanged. 

On slowly beating at 160' C it evaporates without resiciue; when 
water solutions are boiled, loss of glycerine occurs after concen- 
tration of 50 7o is reached. 

SoLUBii.ri'V. 

Miscible in all proportions with water and alcohol 

Soluble in a mixture of alcohol and ether; also in acetone. 

Sparingly soluble in ether alone (1-500). ^ 

Insoluble in chloroforni, petroleum ether, carbon disulphide, Ijcnzene 


and in oils and fats. 

Glycerol possesses powerful solvent properties and many 
substances dissolve more readily in it than in either ^^ater or 
alcoliol. 

RKACI’IONS. 

On heating rapidly, it decomposes, producing acrolein (odour of 
burnt fat) and leaving a residue of poly-glycerols. 


CH2..OH CH. 

I ;■ ■; li 

«H .iOH fcCHJ-aHjO 

I I 

CjHjI. OH CHO. 



These polyglyoerold Are “concentrated” products fc^ gl^ceride^^^ 
probably produced by the elimination of water thus : 

CHj.OH CHj.Oh" 

CH.OH CH.OH 

^Hj.OjHi (:H,v 

, * i*HsO-i“ >0 diglyceroL 

CHj.iOH: . CH/ 

CH.OH i:H.OH 

I I 

CHj.OH CHj.OH 

or generally «C3H80s=?«rl20+Cs,H8.-ito03,-»,. 

Glycerol dissolves in concentrated H2SO4 terming 
C3H6(0H)2 0.S03H, 
which is dissociated on boiling with dilute acids. 

Caustic alkalies, alkaline earths and lead oxide are 
' . . . * 
dissolved forming ciy'stalline compounds termed “ glyceroxides,” which 

are decomposed by water. 

. KOBOMdlam glye«rozld6. Cyif, (011)2. ONa. 

Formed by mixing a solution of meiallic sodium in absolute alcohol (C2H5OH) 
with glycerine. Crystals are deposited of formula CsH6(On)2 . ONa + C2H5OH, 
which are very deliquescent. It is probably an a derivative S viz, ; 

Cllg . on . CII2 . OH . CII2 . ONa. 

IMiodiuin slyeerosclde. C3ll5(OH)(ONa)2. 

Prepared by further treatment of the monosodium compound with sodium' in 
alasolute alcohol. 

The potassium salts are very similar. 

Oxidation products. 

(1) Sulphuric acid solutions of potassium permanganate or potas* 
sium dichfomate oxidize glycerol completely to CO2 and H2O, viz. : 

2KMn04 + 3H2S04- K3SO4+ 2MnS04 + 3H204' 5O 
C3H5 (OH)3+70 = 3^'03+4H20. 

(2) Alkaline solutions of permanganate oxidize it to oxalic and 
carbonic acids, viz. ; 

2KMn04«K20+2Mn02+30 
C3 Hr( 0H)3+60 = H2C204 + H2C03 + 2H20. 

(3) Dry potassium permanganate reacts violently with glycerine. 
These reactions are of analytical importance*. 

Glycerol combines with acids to form esters, the most important 
being those with the fatty acids, fbrming oil& and fats. 


1 Nef. 
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enters have been Ouminea, viz. : 

(l) CH 2(0 . SOgH) . t'H (Oil) . CIToCOII). 

(«) C3H6(On).(0.s03H)o. 

(3) CHs(0 . SO,H) . CH(0 . SOjIl) . CHj(0 . SOnH). 

Phosphoric acid estcrf. 

'lescribed. Three eders, mono-, di- 
and tri-. are artihcially produced by the inferac.ion of pho^phoric acid with 
.glycerme under varying conditions. They have recently been extensively employed 
as nerve stimulants. f j ^ 

‘ Aectle add esters. 

Mono-, do, and tri-acelins have been dc-scribcd under glycerulcs (q.v.). 
.rnacetm ts the product formed in the aeetto method for the estimation of 
glycerol (q.v.). • 

Nitric acid esters. 

All three nitrates— mono-, di-, and tri-,— have been prepared. The trinitrate 
known as nltro-glyc^n. -the well-known high explosive-is the chief com- 
mercial compound ot glycerine. 

Glyceryl trinitrate “Nitroglycerine’’: 

* CH2.0N02 

I 

CH . ONO2 
CH2.0N02. 

This is prepnred by running glycerine into a mixture of nitric and 
sulphuric acids keeping the whole cool (a highly dangerous experiment). 

It is a heavy oily liquid ; s.G. i'6o. 

Violently explosive under certain conditions. 

It is an ingredient of many high explosives. 

Dynamite is a mixture of nitroglycerin and kicsclguhr. 

Blasting gelatine is a solution of nitrocellulose in nitroglycerine. 
Arsenlons acid. 


Glyceryl arsenite. 


CII2 

I 

CH , 

I 

CH.>, 


O ~ As 


formfd by the solution of i molecule of AS4O0 in 2 molecules of glycerine 
by heating to 250'’ C. 

U sed as a battery solid. 

M.P. 50® C. Volatile in the vapour of glyceroP. 


§ 65. Sterols. 

These compounds contain an alcoholic, i.e., an hydroxyl group, OH. 
They differ, however, from the aliphatic alcohols in not being oxidized to 
fatly acids on treatment with soda-Jjme. 

I i po.ssible to remove As from commercial 

glyeenne by distillation. 
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Cholesterol and its homologues occur as a characteristic constituent 
in all animal fats. 

The Phytosterols are found in all oils ancl fats of vegetable origin. 
Hence the recognition and properties of these compounds are of great 
analytical importance. 

The sterols are precipitated by an alcoholic solution of digitonin^ 
CisHmOgii ; one molecule of the latter combines with one molecule of the 
sterol, forming an addition product insoluble in water, acetone and 
ether. 

The esters of the sterols do not combine with digitonin. 

In the case of oils and fats, separation is not easy on account of the 
resinous bodies usually accompanying the sterol*. 

Cholesterol. 

Occurs, as before stated, in all animal fats and oils, also in wool fat 
in considerable quantity. 

CoNSTiruTiON : probably a terpene compound of the following 
formula^ 

(CHa)^ : CH . CH^. CHo. Cj-Hgo. CH«CHa 
c I 

CH2.CH(0I1).CH2. 

Properties. 

Obtained as crystals (anhydrous) from chloroform and as plates 
containing i molecule of water from alcohol (see chap. XIV for 
micrograph of cr)'stals). >!.?.■* I48’4° C. to 150 8° C. 

Insoluble in water; sparingly soluble in dilute alcohol; easily soluble 
in ether, carbon disulphide and chloioform. 

Optically active [a]^ =31*12“ (lievo;. 

\'olatile on heating carefully at atmospheric pressure without de- 
composition. 

RhxcrioNS. 

13 r gives a dibromide C2*H4(iOBr.).® 

Heated vith soda-lime no fatty acid produced. 

Soluble in H2SO4 producing on heating a hydrocarbon (Cj(ill42 (?) ) 

(cf. aliphatic alcohols). 

For colour reactions .see practical section. 

Isocholesterol. C27H10O® an isomer of cholesterol. 

Occurs with the latter in wool-fat. 

Crystalline needles. M.p. 137' - 138“ C.^ 

Optically active [a]y,= +60“ (in ethereal solution)^ 

^ Th. Panzer, Chem. Zfntralbl.y 1911 (ii), 540. 

* I.ewkowitsch, Oils atid FatSy 264, vol. i. 

•* Winclous, Ber. 19O8, 2568 ; 1909, 3770. 

^ Homer. . 

® W'slicenu.s and Moldenhauer. Liebig's Anfi. 146, 175, 

^ Lewkowitsch, ibiil, 

^ Schulze, Prak*. Chun, [zj, 7. 163. 
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90 iiiUms^o 1 . C2oH 440,H20. Occurs in chrysalis oil. M.r. i48°C. 

Fliytoftteroli. 

Sitosterol. 0271146^ (?). A phytosterol first obtained from wheat 
and maize-oil. Resembles cholesterol in many respects. 

Crystals. 

M,P. 138'' — 143'’ C. according to purity of preparation. 

Optically active [a]*j=* -23'i4‘'. 

Brasiieasterol. C2>^H4(sO . II2O. 

Sigmasterol. C;4oH4sO . II2O. 

Coproftterol. C2.-,H4yO. Formed apparently by the reduction of Cholesterol 
and Phytosterols. 



SECTION III 


THE TESTING AND ANALYSIS OF OILS, FATS 
AND WAXES 

§ 56 . A full description of the methods used in the analysis of oils, 
fats and waxes, and directions for the performance of the same will be 
given in the second vplume of this work. In the presef.U chapter will be 
indicated the interpretation of the results obtained in such tests and 
the divergencies which are exhibited with different oils and fats. 

The object of the examination is usually either 

(1) To identify the particular oil, fat or wax, or 

(2) To determine the nature and extent of adulteration, if any, 
which has taken place. 

The method used in each case is to compare the results of the tests 
performed with the known figures obtained with pure specimens of the 
various oils, fats and waxes. 

It must be always ])orne in mind that modern adulteration is in 
many cases carried out under the direction of men with a special and . 
thorough scientific knowledge of the question, and precautions are 
therefore taken to avoid detection by the usual tests. 

Again, apart altogether from the question of wilful sophistication 
of an oil or fat, a new problem for the oil chemist has been created 
by the introduction of hydrogenated oils in commerce. 

Chemical and physical tests may here give no indication of the 
natural origin of these substances and in some cases it may be impossible 
even to distinguish them from natural products. 

There are however certain differences in appearance and character 
which to the practised eye may seive to subject them to suspicion. 

The specific colour reactions for cotton seed and apparently for';,, 
sesam^ oil are of no avail on account of the destruction of the colour 
producing substances present in these oils. 
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A useful indication here is the recognition of small traces of the 
catalyst, e.g. nickel, ij^ed in the hydrogenation, which may be left 
dissolved in the oil or fat. 

The presence of phytosterol in a stearine would prove a vegetable 
origin ; and liver oils might still be recognized by the colour reaction 
with sulphuric acid. 

A hardened maize oil might be detected by the presence of 
lecithin. 

Apart from this it would seem to be next to impossible in many cases 
to discover with certainty the source of an oil hardened by hydrogena- 
tion. The reason for this will be obvious. 

§ 57, As the oils, fats and waxes are more or less complex mixtures 
of chemical compounds, the rational method of analysis would be to 
isolate each constUuent and determine its identity and the proportion 
present. 

Unfortunately the methods at present at our disposal are so lengthy 
and cumbersome vid require the use of such large ^quantities of materia), 
that such isol'ition as a means of technical analysis is not practicable. 

The procedure of isolation of the various constituents ot an oil or fa: 
"becomes still more complex when it is remembered that these contain for 
the most part mixed glycerides, in which the acidic portion consists 
of two or three different individuals. Thus, assuinini’- that the isolation 
has been successfully carried out, the identity of eacli fatty acid radicle 
in the glyceride has still to be determined, an exceedingly complicated 
and lengthy process. 

In thCsSC circumstances, certain physical and chemical “values^’ and 
reactions are obi.iined, which only in a few cases (Reichert-MeissI, 
percentage glyceiol, un saponifiable matter) aim at a separation of the 
constituents ot the substance. 

The considenition of these “valuc.s,” taken together and compared 
with those typical of pure spccinuais of the oils, etc., give, in the case 
of single substances, fairly conclusive results. • 

The problem becomes much more difficult in the case of a mixture of 
two the difficulty increasing when the proportion of one of the 
constituents is small, or when the oils comprising the mixture are closely 
allied in propel lies. 

In the case of mixtures of three or more glycerides or waxes, the 
solution except in special cases* becomes a kind of scientific guesswork. 
It is here that knowledge of the commercial aspect ut the question is of 
invaluable assistance in the interpretation of results. 

* e.g. a mixture of coco^iut, or pal#i kernel oil, with castor oil and a drying 
or semi-drying oil, where definite infoi malioii is obtained by means of the Keichert- 
Meissl, acetyl and iodine values respectively ; a mixture not likely to occur often 
in practice. 

F. W, 
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The chief factors considered here are the question of relatl^ price — as a 
rule a very fluctuating figure — and the enitabllity of the substances for the 
purpose proposed. 

The matter is further discussed at length in a later chapter b 

§ 68 . It is prefemble in most cases to employ the original oils for testing 
without preparatory treatment^, except to remove water and gross impurities or 
suspended matter. 

In this connection it may be pointed out that care is necessary to obtain a 
truly representative sample of the bulk of oil. The procedure is given in full in 
the section on practical work. 

Metals are determined by incineration of the oil, etc. and subsequently testing 
the ash by the iiMial methods. 

^ See “ Interpretation of Results ” in practical part of book. 

^ See however “Titer test.'’ 



CHAPTER IV 


PHYSICAL METHODS OF EXAMINATIOx\ 

§ 59 . Tin: following is a list of the physical methods of examination 
which yield information for discriminative purposes. 

1. Specific gravity. 

2. Melting point. 

3. Solidifying point of mixed fatty acids. 

4. Refractive inej^px. 

5 Viscosity. 

6. Solubility. 

7. Rotatoiy pc*\n:r. ^ 

Of these the first three yield the most useful figures, and are those 
generally employed. 

'file Kefractive power of an oil is, on .account of its ease (if 
determination, coming to the fore and is regarded b) some che.aists as 
yielding more useful inform, ation for discriminative jn. •-poses than any 
other physical test. Recent work on the dispcr'^h'c power of an oil 
seems to point to a new and valuable test for dis^'riminative purposes 
(sec practical part of book). 

The Viscosity is an important figure in the valuation of lubri- 
cating oils. 

riie Solubility of oils, etc. in various solvents yields valuable 
information with certain o.ls ; whilst the rotatory power, as deter- 
mined by means of the polarimeter, is normally only of use in the case 
of castor oil, rosin oils and a fe\\ somewhat rare oils, not likely to be 
found in commercial analyses. * 

The following table indicates the tests of im^st value with various oils, 
etc. for discriminative purposes. 


Specific 

Meliii.u 

.S.ilKlifyinj; 
point of mixed 

Kcfr.tctive 



Rotation 

(Ir.nvily 

point 

fa. ty acids 

index 

Viscosity 

Sohiljilily 

Spciiu oil, 

All 

Most oils 

Most oils, 

Lubiicating 

R.ij)c oil, 

Castor 

Tung oil, 

w’a\L-s 

and fats, 

espcci.ally 

oils, e.g. 

Caslor oil, 

oil, 

(.'ail or oil 
Japan wav 
Caiiiauba 

W.'IX 


especially 
( lolion-seed 

oil, Tallow, 
Locoftniit 
oil, Fats 
generally 

Tung oil 

Lard oil, 
Ne.at’s fool 
oil, 

Sperm oil, 
Castor oil 

liutter-fat 

Rosin 

oils, 

Chaul- 

moogra 

group 
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XJie^majority 0/ oils and fats are of much^ the same 
quently this figure is not of gr^t value in many cases. 

The specific gravity of unsaturated glycerides beihg highc^! thin 
the corresponding saturated ones, it follows that the drying oils will yield f 
higher s.g.s than the non-drying or semi-drying oils. Exposure to wr,. 
and consequent oxidation increases the s.G. of oils, especially in the 
case of those containing large amounts of unsaturated acids, 

The s.b. is useful in the cases of liquid and solid waxes, whici 
are seen to be well outside the usual limit for oils and fats ; this also 
applies to castor and tung oils. 

The S.G, of solid fats is best taken at the temperature of boiling water\ 
liquid fats at 15*5“ C. and waxes by suspension in mixtures of alcohol and 
water. 

Table of Specific Gravities at lfS‘S°C. 

(see opposite) 

Technical aspects. 

The determination of the specific gravity affords a rapid and extremely 
useful method of ascertaining the approximate strength of liquid reagents 
and aqueous solutions. In works’ operations the method in general use 
is that of the hydrometer. Arbitrary scales adapted to the particular 
range of densities required are widely used. Those of Twaddel and 
Beaumd are the best known \^sec tables at end). 

The usual method of preparing solutions of definite strength consists 
in the addition of water until the liquid tested by means of the hydro- 
meter is of the density equivalent to the percentage required. The 
strength of glycerine during concentration is roughly found in this 
manner and checked by the Westphal balance or specific gravity bottle 
^method. 

Many liquids are sold on the basis of specific gravity which represents 
either percentage of water or relative purity, c.g. 

' Liquid caustic potash 50"' (1536) 

Sulphuric acid (B.o.v.) 60^’ Bd (1706) 
also other mineral acids, as well as most organic solvents. 

The specific gravity is, of, course, the figure employed for determining 
the volume which a given weight of liquid will occupy, or vice versa, and 
its determination therefore is of constant service in works cah ulations. 

Substances are frequently used on account of some physical property 
which they possess and not for chemical purposes. In this case it is the 
quantity or volume w’hich is of importance. A familiar case in oils and 
fats work is that of solvents for fats. These are generally sold by 
weight (per ton), hence the sp. %u is necessary in determining their 
imlative efficiency. 

I For the sake of uniformity, however, solid fats are taken at 






ifissicAi: wieilioos'.- .6# ijsi: 

C.g«” 6 ppp 6 smg solvent A is offered at j^2o per ton and solvent %, 
tfie SP. GR. #f and that of i??~ '85. Then, as for 

the- extraction of a given amount of substance, a cerlain volume of 
solvent is necessary, the actual relative prices of these will be 
A-20X i'iS^jC^3 

and i9«25x-85-^2i. 55. 

Thus S is actually cheaper than A, ^ 

Other examples will suggest themselves, e.g. metals used for tanks, 
vessels, etc. In this connection aluminium is repla!cing other metals 
on account of its low sp. gr. and consequent cheapness. 

§61. THE MELTING POINT. 

Oils and fats do not yield a clearly defined melting point. This 
is for two reasons. 

(1) Pure triglyce*rides have two melting points, the higher being that 
of the crystalline form (see page 12). 

(2) Oils and ft^^s are mixtures of a number of glycerides ot differing 
melting points. 

Also, as most oils and fats contain a large proportion of mixed 
glycerides, they do not give the same results as artificial mixtures of 
triglycerides in the proportion of the fatty acids found. 

The attention of the student may here be called to the well-known 
fact that the melting point of a mixture of pure substances is not a mean 
or average of the components. Consequently, no calculation can be 
based Qti this assumption. This *3 clearly shown in the following table 
of melting points of. mixtures of the pine glycerides tripalmitin and 
tristearink 


Tripalmitin 

Trisicarin 

M.p. "C. 

0*0 

100*0 

56*0^ 

10 ’o 

90*0 

6o*4 

12-0 

88*0 

6 o*i 

25 0 

75 'o 

58*0 

30*6 

69*4 

57-8 

.39’8 

6o*2 

56*0 

47 ’0 

5 .ro 

57 ■‘Z 

500 

50 0 

56*2 

56*2 

43*8 

551 

68-8 


.54*5 

91 '6 

8*4 

6o*4 

lOO’O 

0*0 

62*6 


tTbbelohde’s modification of Pohfs method is best for commercial 
work, in which the temperature at which a drop of melted fat forms is 
taken as the end temperature. 

^ R. Kremann and R. Schoulz, Monat. f. C/iem.y 1911 (33), *0(33. 

. Lower m.p. See page la. 
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The waxes yield more definite figures which are important as guides 
to purity. The ordinary capillary tube method is suitable in thi? case. 

Owing to the indefinite nature of the results obtained, the melting 
point is not of much value in discriminating between various oils and fats. 
It is however frequently useful in the case of commercial samples of 
oil containing much or little “stearine’’ and harder fats such as Japan 
wax, Cvicao butter, etc. 

62. * SOLIDIFYING POINT OF MIXED FATTY ACIDS. 
“Titer test.”. 

The solidifying point of the mixed fatty acids obtained on saponifica- 
tion and acidifying of o\)s and fats is a valuable figure for analytical 
purposes. The method of Dalican now usually adopted yields very 
constant results. 

Liquids during solidifying evolve heat The latent heat of fusion) and 
a rise of temperature occurs. This rise, not marked with fats, is usually 
quite distinct with the fatty acids and the temperature taken is the top 
point of the rise. The table opposue shows the results with some fats : 


Technical aspects. 

The temperature at which an oil or fat becomes a solid or lujuid 
respectively is of gieat impoi lance commercially. In most cases the 
melting and solidifying points of oils may bt* lowered by separating a 
portion of the glycerides, whilst fats may b(‘ hardened by crystallisation, 
and expression of the liquid constituents. Thus ‘stearincs’ are natural 
fats from which fluid portions have been reinot ed (the separated oil being 
termed an “Oleine”). The relative hardness' of oils, fats and w’axes, 
which is approximately equivalent to the melting point, has special 
application in the cases following. 

I. Oils. 

(i) ^dible or Salad oils. These oils should have a sufficiently 
low S.P. to remain fluid and clear at the indoor winter temperature 
experienced in the particular country where consumed. The same 
remark applies to oils used in medical and pharmaceutical practice. 

(li) Lubricating’ oils. If oils of this class solidify during use, 
there is giave danger of the bearing or moving part to be lubricated 
running dry owing to the stoppage of flow; consequently this is an im- 
portant factor and the degree of temperature to which the oil is likely to 
be exposed must be taken into account. 

' As by far the hulk of the civilized peoples inhabit countries having leinpi;iate 
climates, these considerations are based upon the normal temperatures obtaining in 
such latitudes. It is obvious that in^iropical aifll sub-tropical climates many 
“fats ” are normally “oils ” whilst .hard fath are of a buttery consistency. Hence 
the names “ palm oil ” and “cocoanut oil ” to the bodies which are liquids in the 
country of origin. 
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(lii) niuminating oils. The same remark applies here as iii 
the case of lubricating oils, as the ascent of the oil in the wick is de- 
pendent upon its liquidi^/ at low temperatures. 

(iv) Soap manufacture. 

(^i) Hard soap. Here the hardness ot the soap produced is 
roughly proportional to the “titer” or solidifying point of the mixed fatty 
acids. Generally speaking the higher the titer of the oil the more 
valuable it becomes for this purpose, as its use requires the addition of 
less of the more expensive fats to ])roduce a soap of given coflsistency. 

(/f) Soft soap. The point here is the liability of soaps made from 
oils of high titer to become eloiuiy and opaque when (‘xposed to low 
temperatures. This is due to the crystallization of the potassium salts of 
the solid fatty acids, termed in commerce “figging.” The c'rystals usually 
occur as spherical or star-shaped opaque granules of varying size in the 
clear soap. Much difference of opinion exists as to the desirability of 
^n soft sdhps, but a soap which is quite opaque through excess 
of “tigging” is usually regarded unfavourably by the general public. 

(z") Candle ^making. In this industry the value of an oil would 
depend on the titer of the fatty acids yu'lded by (decomposition of the oil, 
or in other words on the pciaentage of “stearine” or “candle material” 
which it was capable of producing. 

2. Pats. 

(i) Hdible fats. Ihe object here is to obtain a‘-‘ nenrly as possible 
uniformity of consistency throughout the year, .^his is l^esc accom- 
plished by mixing or “blending” of varying pioporlions of f/f) individual 
fats of ditferent origins and degrees of hardness (as in butter), (fi) different 
fats and oils of varying hardness and M.P. 

(ii) Lubricating fats and greases. The same remarks apply 
as in the case of edible fats, uniformity of consistence throughout the 
year or in varying conditions of climate, being the desideratum. 

(lii) Soap manufacture. 

(a) Hard soap. According to the degiec of hardness required so 
varying proportions of fats of high titer are used, d'hiis QUrd soaps 
contain large propoitioiis of fats giving fatty acids of liigher s.P. than the 
“wilier” soaps in which large proporticnis of oils are used. 

It is a well-known fact that a certain amount of oiH in the composition 
of a hard .soap is necessary to produce a tree lath< r. (C^icoanut oil can also 
be used for this pin pose.) 

(iv) Candle manufacture. From the point of view ol this 
industry the higher the titer and consequently die greater the yield ol 
candle material or “stcarine” (hard solid fatty acids) the more valuable 
is the fat. The suitability of a fat for use as candle material in varying 
climates is determined l*y the titc#tcst. 


^ Rosin is also used for this purpose as well as to cheapen the soap. 



Waxes. 

Tte meltingf point is the most important figuri in* regard to the ^ 
technical employment of waxes. Thus in the manufacture of Polishes 
(boot, furniture, floor, etc.) the brilliancy, of the polish ^ieWedyby any wax, 
is generally proportional to its hardness and consequently to it^ melting 
point, ^ ' 

N.B, It should be noted that many apparently genuine waxes of high melting 
point contain pn)portions of rosin to artificially raise tlie figure. Rosin has but 
a low polishing value on account of its “stickiness” and is consequently generally 
undesirable in i)olishes. 

It does not however, by any means, follow that two waxes having identical 
melting points are equal in polishing value, e.g. “myrtle wax” (a glyceride) 
M.P. 40° C. lias a vastly higher polishing value than a paraffin wax of the 
same m.p. 

Mineral waxes are usually graded in value in proportion to 
their M.Ps. * 

§ 63. RBPRAOTIVB POWER. 

This figure, determined on an instrument known as» a refractometer, 
is useful both as a rapid sorting test and combined with other data, as a 
discriminating factor in analysis. Of the two usual types of instruments 
employed, the more usual in fat analysis is the Zeiss Butyro- 
refractometer which gives arbitrary scale readings, convertible into 
refractive indices on reference to a table supplied. 

This is as follows : 


Scale divisions 

»D 

differences. 

0 

1*4220 


10 

1*4300 

8*0 

20 

1*4377 

7.7 

30 

1*4452 

7*5 

40 

[•4524 

7*2 

50 

1-4593 

6*9 

Co 

I *4659 

6*6 

70 

1*4723 

6*4 

80 

1*4783 

6*0 

90 

1*4840 

5*7 

100 

1*4895 

5*5 


'I'he Abbd instrument reads directly the refractive index of the oil or 
fat examined. 

Many different temperatures have been used in determinations, 
but it is very desirable to keep to one definite figure ; 40'’ 0.^ would 

appear to be a very suitable temperature for the purpose. 

0 0 

^ In the case of those fats which are solid at 40® C., the determination cw be 
made at a higher temperature and value at 40° C. calculated from it. 
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several other tvnp*; t\f 
«ntial instrument ofUa„ IL ^ 

dasl of worl and ‘"^'^“".ents however meet all demands in this 
the liquid for examinatir 

inc«:L?:sreci:;t;h:te’:;^ 

Th^ ^ 1 semi-drying oils, 

waxes ' 


Tf.chnicai- aspects. 

TBis figure, apart from its discriminative vrjue, has, at present, little 
direct bearing upon technical work. 

^ I'l'e rate at which liquids flow when acted 

^ orce, suclfas that of gravitation, is dopendeiii upon a property 
called viscosity. It may be defined as the resistance which the 
particles of a liquid offer to their passing the one over the other and is 
therefore a measure of the internal fWetion of fffc fluid. 

Several forms of measuring instruments have been used for deter- 
mining the relative viscosity of liquids. Ihese may be summarized as 
follows : 

(1) An apparatus based upon the rate of ascent of air bubldes in the 

liquid. 

(2) An instiuinent* in which a disc is suspended by a wire in a liquid. 
The wire is put under torsion and the amplitude of the swing or vibration 
of the disc noted. This is proportionally retarded with the viscosity of 
the liquid. 

(3) An arrangement whereby the speed of rotation of paddles, im- 
mersed in the liquid and actuated by means of a falling weight, is 
measured. 

(4) An apparatus for timing the r.atc of 6ow of a certain volume of 
the liquid through a standard orifice. 

These instruments, which are termed viscometers (or viscosimeters) 
are for commercial testing and the figures obtained are quite aibitrar)% 
and useful only for comp.irative tests. Most of the instruments in use 
l)elong to class (4), such as Redwood’s, Fngler’s, etc. The absolute 
viscosity of a liquid c.Tn be calculated from Poiseuille’s formula by 
timing the rate of flow through c.ipillary tubes. The iiMrument used^ is 
termed the absolute viscometer and the designers have obtained 
figures for various densities of glycerine. It is therefore possible by 
reference to these results (see tables at end of book) to obtain the viscosity 
in absolute terms from ai^ efflux iqjitrument. For this purpose the rate 

* Doolittle’s lorsion Viscometer, y. Chi-m, bor. xv (1893), 173. 

^ Archbutt and Dceley. 
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of flow of glycerine solutions of varying densities is found in the particular 
viscometer chosen and a curve is constructed showing the relation between 
the time of flow and the absolute viscosity of the solutions used. The 
instrument thus standardized can be used for obtaining results in absolute 
measure ^ 

PoLseuillc’s. foiniiiKi is: 

where C--acctlcMation due In gra\ify, 

deiiMiy of the litjuid, 

// = mean head of the li(|uid, 

/-time of flow, 

f’--^volume of liciuid diM-harged, 

/• — radius of tube, 

fi-- height of c«)Iumn of liquid. 

r/ = absolute viscosity measiued in dyne> per sq. cm.«’f c.c s. iiuits are used. 
77 may be detiiud a-, ibe f<»rce. in dNue^, required lo ni<>\e iwo >.urfare'* of liquid, 
each I s{|. cm. m area and distant (lom each other i cm., in ojqiosite rlirections 
with a velocity ot i cm. per sec. » 

In order to obtain whole numbers the authors propose that the absolute 
viscosity figure be multiplied by kx) thus (>; x loo). 

The viscosity is of little value in the thscnminalion of natural oils and 
fats as there is not Miflicient variation between tliem. 'fhe exccjitions are 
the cases of ( astor, rape, and sperm oils, llic first two ot uliich are higher 
and the last lower than the normal. d’h(‘ figure however is of gieat value 
in the examination of lubricants. 


Absolute V^iscositii's’^ (Archhutt tiiicl Dcclcy). 

iy\ \ lOO) 

W.atcr at K. “ • ’02S. 



60^ F. 

F. 

150' 1*'. 

2 12 F. 


(r.- a 

07-7 C.) 

G.) 

(100' c. 

Sj)erm c /d 

420 

‘«-5 

8-s 


Olive cjil 

(OoS 

.177 

FS -4 

7-0 

Rape oil (I) 

M M (2) 

1 1 1'S 

42-2 

177 

8.0 

I i7'6 

44-8 

iS-8 

S '5 

Ca.stor oil 

— 

272-9 

f’O -5 

ifi-o 


Tkchnical aspects. 

\s previously stated, this determination is chiefly of u-.e in deciding 
the I dative suitability ol lubricating oils for various purposes. 

' .Sec also Savil and Cox,y<7«/'. Chew. hid. iqi6, 35 , 151. 

- Although the viscosity of .an oil .at varying degrees <»f tt‘m|)eralurc yields 
important practical mformatuin, it wouhlphe <leMrabl; to choo^e a suitable definite 
temjjt rature foi otdinary toiiiparisoris; e.g. 40° In order lo record the fall in 
Viscosity of oiK on healing the .authors propose a “Viscosity Ratio number,” being 

77 of oil at 40 C. practical section, Vol. II.) 

77 of oil at 100® L. 
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It IS sometimes necessary to < alculate the time which liquids will take 
to flow under a given [pressure through certain lengths of pipe. This 
figure IS roughly dependent on the viscosity of the liquid and can be 
calculated therefrom. 


§6B. SOLUBILITY. 

The natural oiK and fats are with the exception of the castor oil 
^roup soluble in every proportion in ilie following solvents 

lather (C,H.,)..0 Petroleum Ether 

Carbon Disulphide CS.> Chlorofi.rm CHCl.i 

Carbon Tetrachloride CCU Pen/ene 

and some other org.inu' sol\(‘nts. 

1 hey are only |)ailially soluble at ordinary temperatures (with the 
exception again of castor oil) m : 

Acetic Acid CT 1 .{. CO . OH Acetone (ClL^jCO 

Alcohol CHI-. OH Phenol (-(,H;,OH 

The solubilities of each oil and fat vary to son^‘ extent. 

V.ilenta and others have del(‘rniincd tlio tenipe/atuvc at which soli don orcni^ 
in these solvents h) he.Uing equal quantities of each, until a solulion is obtained, 
and then cooling until die point at winch turbidity ot l urs. 

Jean has also deteimined the amount dissolved l>y acetic i ul at 50° C. 

The authors have shown that very variable results are obtained with 
commercial samples of oils unless fice fatly acids (whii'h are soluble in the 
cold in these solvents) are ah'.ent, ind ghicial acetic acid of pr»‘< isely the same 
density is always used. In order to ovcicome these diilirultios they jcopose* to 
determine the acid value of the oil concuirently with this test and to refer to a 
table .showing the <legree of infUunce of the fatty and picsent on the liguie 
obtained. They also proj)0'-e to standardi/te the acetic .md cmplojed against a 
selected oil o( known pinity. (See practical section oj hook.) 

TliCHNICAI, ASPECTS. 

The question of the degree of i^olubility of castor od and blown oils in 
mineral oils is a very important one in the case of ( ompounef lubricants. 


% 66. ROTATORY POWER. 

This property is due, as previously explained, to the existence of 
an asymmctiic carbon atom in the molecule. 


1 The “Valenta” determin.itions (o'"C. tuibidity fignies, using acetic acid) 
given under the desciiptums of the vanous oils and fats nre diose obtained by the 
authors, and .me stand.mdi/ed by refe.cnce to neutial .ilmond = 

They are coirccted for free acidiiy and we have termed the hgmes tine \ alenta. 

For the ratio i’"" ^d for dct|fls of the new Ethyl- Amyl alcohol reagent 

( Mmond Oil -:o-o®P.) the leader is refened to the Piactical part t\ H) The 
figuie for waxe* using the alcohol reagent, would appear to have special value. 
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It appears to have' some bearing on the phystolbgi&l i^ioW o^i 


bils, those oils containing notable proportion pf these glycerides having 
either pronounced medicinal .properties, or being actually poisonous in 
character. 

Consequently a determination of this figure is of value in deciding the 
suitability of oils fur edible purposes, and in toxicological analysis. 


§ 67. FLASH POINT. 

This is defined as the temperature at which a substance gives off a 
vapour forming an inflamm.ible mixiuie with air. The test is applied by 
heating the substance in an open vessel (open test), or in a closed 
chamber (close test) ; np special apparatus is necessary in the first 
case. The “close test'’ is made by periodically opening the chamber 
enclosing the oil and applying a light ; this is conveniently accomplished 
by a mechanical contrivance in the Abel and Pensky-Martens 
instruments. The Abel app.uatus, hcate<l with a water-jacket, is used lor 
deteiniinations of oils with points not c.xceeding ioo“C., while the 
I'cnsky-Maitens is used foi oils and fats and mincivl lubricating oils 
which flash at much higher tcmpcraluies. 

TKCIJNIC.XL A.SPl'CTS. 

The test is not of much value for general discriminative purposes. It 
is chieriy of value m deciding whether illuminaiing oils are iree Irom 
danger of explosion ; the legal limit ilic dash })oinl of these oils 
is 73 F. 

It is also of considerable importance 1 1 tin testing of mineral lubri- 
cating oils. 
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§ 68. Unsaturation. As oils and fats differ chiefly in the amount 
of unsaturated fatty acids which they yiAd, the mo^t discriminative 
results are obtained b> a determination of this tigiire. Thi'^ is found in 
practice by the pcrcentaj^e of iodine chloride in terms of iodine 
which is capable of lieing absorbed by the substance. Lhe test is termed 
the iodine value. 

Depending also, indirectly, on the amount of unsatiirated bodies 
present, but not >^eldmg results sufficiently acenale lor (juaniitatiN e 
purposes are the following tests: 

(1) The bromine thermal test 

(2) The sulphuric acid thermal test (Maumene reaction) 

(3) The oxygen^absorplion test (Livache) 

(4) The sulphur chloride test. 

. Only in the case of the oxygen absorption test for drying oils can these 
Ibe considered as giving any info* ’nation which is not better avoided by 
|he iodine value. Tlicy are however retained here as being somewhat 
xasicr of performance by persons without special training and as having 
^lill a certain vogue in technical woik. 
i Other tests closely related to the iodine value are : 

(1) I'he insoluble biomide value (“ Hexabroinide test”) 

(2) The elaidin test. 

They yield intormaiion as to the character of die imi saturated 
glycerides present: the insoluble bromide value as to the amount of 
these^lycerides having 6 and 8unsatuiatcd carbon atoms (e.g. Lmolenin, 
iClupanodonin) whilst the Oaidin lest indicates the presence or absence 
(of olein glycerides yielding acids uith 2 unsatr.rated carbon atoms in the 
■molecule. 

^ Molecular weight. The molecular weight of the glycerides 
ffwhich generally implies the number of carbon atoms present in 
the fatty acids derived thereirom) is indicated in the saponification 
[value *. In this test the glyceiol is displaced by an alkali base, and the 
Amount entering into comliination with the fatty acid estimated. As only 
pertain classes 01 oils coiftain any Smsiderablc proportion of glycerides 

^ Assuming the elimination ot unsaponifiable matter. 
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yielding acids having more or less carbon atoms than i6 t6 20 (but pre- 
ponderantly 18) this test has only a limited disci iminative value 

It is useful technically as shewing : 

(1) The amount of soap obtainable on saponification ; 

(2) The percentage ot glycepol yielded. 

For tins calriil.ition it iis also necessary to know the free acidity (if any), the 
amount of unsaponiliahle matter and if mono- or di-glyceride.s aie present. 

'I'hc percentage of glycerides of fatty acids of low molecular 
weight which are volatile in steam and soluble in water (A), 
or volatile in steam and insoluble in water (B), is indicated 
respecti\ ely by the 

(A) Reichert-Meis'jl value and 

(B) Polenske value 

and their modifications. 

(llyccndes of this character are contained in two or three important 
groups of oils and fats. 

Hydroxylated acids. Oils containing glyiendcs of hydroxy- 
lated fatty acids ^ire naogni/cd by the acetyl /alue, i.e., by the 
determination of the number of acet\l groups CO) that can replace 

tlu‘ il of the OH groups. Of these castor oil is the only important 
member. The acet)l \alue is also of use in determining the percentage 
of free alcohols in waxes. 

69. Spkcial Th.sT.s. Certain tests and in actions ha\(‘ reference to 
individual oils and fats, as under : 

(l ^ Renard's tests for arac Ins oil, whu h is ijuantitative. 

(3 1 Tortelli and Portini’s test for rape oil. 

(3; Bellier's test for arachis oil. 

The following are special colcnir tests, viz. : 

(4^ Cotton seed oil -Halphen’s, Becchi’s, and the nitric 
acid tist. 

(51 Sesame oil Baudouin’s test. 

(61 Tiver oils- -sul|)huric acid test. 

In addition to these there are some tests for the less important oils 
which are given under the description of thd mdi\idual oil or fat. 

^ 70 . 'i he foregoing tests are all of use for tin* actual diserimination 
of an oil or fat. The following reactions ,irc indicativ(t mainly of the 
condition of the substance, e.g., age, method of refinement, etc. They 
are of value for identification put poses when considered in relation to the 
usual condition of oils in commerce. They ineliuh' . 

(i; The acid value, or the amount of free fatty acid present (when 
the character of the acid is known). 

(2) The glycerol content. 

1 The value is imjioitant in the analysis of waxes. 
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(3) The dnsaponifiable matter. 

( 4 ) The mono- and ^i-glycerides. 

(5) The percentage of oxidized acids. 

(6j Ihe percentage of anhydrides in the mixed fatty acids from 

oils. 


§ 71 . Separation, recognition and determination of the 
components of oils, fats and waxes. 

This includes the follo^vinj,* operations: 

(1) Lead-salt of the fatty acids soluble in ether. Used for separa- 
tion of liquid and solid (saturated and unsaturated) fatty acids. 

(2) Separation :ind estimation of the satii».'ited acids, viz. : palmitic, 
stearic, etc. 

(3) Separation and isolation of unsaturated acids, viz. : oleic, linolic, 
linolenic, cliipanodon^i', etc. 

(4) Isolation and estimation of the sterols, 'fhis is of ;p-eat value 
in the determination of the source (animal or plant) of an oil or fat. 

(5) Uetei mutation of the free alcohols in a uax. 


g 72. THE IODINE VALUE. 

It has alr(*ady been shown that unsaturated fatty acids and theii 
glycerides t ontaining doubly linked carbon atoms, ah-^oi b 2 atoms of 
bromine for each double bond in the molecule, viz. : 

becomes 

/ \ /i I ^ 

lir Ih 


Iodine m solution, however, is not absorbed regularly by the same 
bodies. 

'fhe Wijs-llubl reaction consists in the treatment of the fat with a 
solution of iodine monochloride ICl. Under these conditions one atom 
of each halogen is absorbed giving a saturated chlor-iodii pioduct, viz. ; 


becomes 

/ \ 


\c-(/ 

/ 1 i ^ 
Cl I 


It should lie here noticed that ari<ls and glyceiidt?‘« f)l the Stearolle serie.s, 
which contain tichl) linked larhoii atoms, ahsorh onl\ two haiogcn atoms in the 
iodine test and iheielore behave like doubly linked .arhon aloi s, viz.; 

- C s C - becomes - C' 1 ' - 

! I 

Cl I 

This being so, it is possible to calculate the iodine absorjition for each 
unsaturated fatty acid add pure glyceride and the practical results 
obtained agree very closely with these hgiiivs. Perfectly pure saturated 
fatty acids and glycerides have no iodine value. 
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A reference table of the theoretical iodine values of unsaturated fatty aokls and 
o*f mono-, «li-, and triglycerides is given in the tablet at end of book. t. 

At first sight it may seem strange that compounds containing doubly and trebly 
linked carbon atoms react with Br, I, etc., whilst singly linked carbon atoma- 
do not. It must not be supposed that a double bond implies that two carbon 
atoms are combined together more firmly than two carbon atoms united by a 
single bond. Baeyer has put forward a theory, known as ‘ Baeyer’s Strain 
Theory,’ which explains why doubly and trebly linked carbon atoms are more 
reactive than singly linked carbon atoms. . It has already been shown that the 
valencies of the carlxm atom arc distributed in space equally (see § 45). Now 
when two carbon atoms combine together the force or forces holding the two 
qarbon atoms tend to set themselves in sliaight lines; this is only possible when 
the union takes place betweefi one force of each atom, viz. ; 


i I 

C C 

/\ /:\ 


V 

/ 


/ 

\ ' 


whilst if two forces of each atom act upon each other, these forces tend to form 
etrai^ht lines but in doing so are bent out of thor original ilireclions, i.e. they 
are subjected to a straixf, viz. : 



and in this condition are easily broken apart either entirely or so th.al one force of 
eacli atom is liberated whilst the other two arrange llieuisclves in a straight line, 

VIZ. : 



+Br2 = 


I 

I 

-C- 

Br 


lir 


A table of loilinc Values of more import.ant oils, fats and waxes is given 
opposite. 


^ 73 . Tkchnical aspects. 

riie question of the Hinount of unsaturated glycerides present in an 
oil has a ver> iinjiortant bearing in the case of many industrial applica- 
tions. 'i’be-e may be tabulated as follows : 

1. Paints and varnishes. 

The drying power of an oil is approximately indicated by the 
iodine value. Oils are thu.s divided into three main groups. 

A. Drying ‘ods. 

15. Semi-drying oils. 

C. Non-drying oils. 
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ansktiiratfed glycerides present. For example, Tung oil cb^^t; 
linoletiic {m isomeric) glyceride, and yet has an iodine valtw|' 
linseed oil. f ; 

!V ‘Cbplipicte information as to the drying properties of an oil is howevei' not 
f^jieided.by this test. Account must be taken of the character of the flla ' 
for surface obtained, its elasticity, hardness, degree of * tackiness ' and opacity. ^ 
The glyceride of clupanodonic acid, although more highly unsaluraled than 
that of Unolenic acid, is not nearly as valuable as a drying oil : hence the 
inferiority of fish oils over linseed oils and the vegetable oils, for us*e in paints 
and varnishes. It should also be noted that oils which have been ‘boiled* 
althoagh reduced in iodine value, are usually better dryers. 

IiUliricating oils. Oils containing percentages of the more 
unsatifirated glycerides are liable to thickening find so-called “gumming.’ 
the iodine value is therefore of great service in selecting those oils which 
are free from “gumming” tendencies. Generally speaking oils of low 
iodine value are suitajple as lubricants. The exception is in the case of 
“blown oils” in which the iodine value has ocen reduced and the 
“gumming” tendencies art more or less eliminated. 

3. Biirning dlls. • 

The remarks on lubricating oils apply here also, as oils which 
“gum” and become thick tend to clog up the wick and are thus quite 

unsuitable. , , . 

^ in the case of the drying oils, there would be actual danger of spon- 
taneous firing, so violent is the chemical action when th : oil is absorbed 
in the porous fibres of the wick. 

4. Edible oils. 

Oils with high iodine values would here be unsuitable on account oi 
“aummine* properties. They are also usually stronger flavoured than 
the non-dryers. Many drying oils are however used as edible oils m 
Sir clZ of originLd by the native population [The figure is of 
great value in ascertaining the freedom of olive oils, laid, etc. from 
cheaper semi-drying oils.] 

c. Soap-making. . 

Oils of high iodine value have long been used in soft soap making for 
which they seem quite satisfactory. Generally spe.aking, oils of whatever 
iodine value are equally suitable for soap making purposes. 

It should, however, be noted that the pure unsaturated glycerideiq 
when saponified, cannot be weakened with water to the same ex en as 
the oils of low iodine value without loss of necessary firmress. 

6. Candle-making. . 

The iodine value is an indication of the purity of the steiuines used m 

the industry, and the efficiency of the methods 

of the lowCT melting point constituents. The Pfoducls <f *ej^ 

irteeii including “iso-oleic acid” wlfich gives a high lodme 

iso be distinguLed thus. In the case of artificial stearmes produced t| 



|H^)^g^natibh the iodiiie vajue shows to what eic&nCthe 
been carried out. 

7 . Hardening of oils. The iodine vaiue oeotnes an important 
test in the technical hardening of fats, giving a direct indication of the^^ 
degree of saturation which has taken place. 

It is of course evident that the properties of any oil of high iodine^, 
value can be so modified by a greater or less degree of hydrogenation as 
to become suitable for purposes for which it was originally not fitted. 


§ 74. Reactions depending upon the presence of un- 
saturated glycerides. 

1. The Bromine Thermal Test. « 

During the absorptioif of bromine by an unsaturated fat or fatty acid 
heat is liberated, the amount being approximately proportional to the 
percentage of halogen absorbed. 

The test is based upon this fact and forms a fiwrly close guide to the 
iodine value itself. It is very useful as a rapid sorting test, being capable 
of performance in a few minutes. The results obtained are shewn in the 
adjoining table : # ' 

2. The aulphurio acid thermal test {Maumend test). 

As a guide to the amount of unsaturated acids present this test is 
inferior to the preceding (viz. the Br thermal lest). The rewsults do not 
shew such a constant relationship with the iodine value. The test is also 
easily vitiated by very slight alterations in the strength of the acid^ 

Figures are given in the practical section of the book. 

3 . The sulphur chloride test. 

• This test, proposed by Fawsett'^, is based upon the fact that sulphur 
chloride S2Cl2 is absorbed by oils or fats in proportion to the amount 
of unsaturated tatty acids present with the evolution of heat. As a dis- 
criminative test it is even less satisfactory than the Maumend test. This 
is largely because of the time taken for the completion of the reaction, 
with consequent loss of heat by radiation. The thermal test is therefore ^ 
not described here. Of more value is the character of the product formed, 
that with 

liquid waxes, ^ 

vegetable fats, [ being soluble in CS2, 
animal „ I 


whilst the product formed with oils is only partially soluble in that 
solvent. This would suggest a ready means=* of distinguishing between, 
instance, sperm oil and neatsfoot oil. 

' Mazzaron Af^ic. Initll. and Plant Diseases, tqif,, •, 1700) proposes as 
new vest the estimalion of the SOi evolved in this reaction. 

* Jour. Soc. Chem. Ind,, 1881, 

* This lest has not lieen considered to he of sufficient value to V)e included vnlVi 
the other analytical data,” p. 94. 



limit of extreme variations re- 
■ corded. The indicating lines are 

(DegkEE;> rise IN TEMPERATURE) placed in the position of the 

' ' average value for each oil, fat, 
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A, Jftie <nygen absorption test iUvache). 

test is of import^ce practically as shewing the value of an oiU 
pr use, ^ m paints and varnishes. Although in the main giving results i' 

iniiiortant differences ; ' 

waMtiiwt if absorbing as much iodine as the 

ThfTe^UhnfH^r® absorbing power. 

Cl *’® combined with an observation of the character 

Of the film formed by drying a thin layer of the oil on a glass plate. 

Fish oils do not yield a hard flexible skin as does linseed oil. 

5. The Elaidin teat. 

Olein on treatment with nitrous acid yields the solid ‘Ellaidln’ - 
thiTLi'^.^ “"^luratcd acids remain unchanged.. Consequently in 
If olein r*" ^ products in proportion to the amount 

the M Ji ' ‘ “on-drying oils yield solid products, 

emi-drying-oUs a buttery mass separating from a liquid portion, ' 
whereas the drying oils remain quite liquid. 1 he lollowingLssLaiion ' 
IS uasea on this lest : 


Olive • oil 

Almond „ 

Arachis „ 

Lard 

Sperm „ 

Ncatsfoot „ 

(bomotimes) 

Neatsfoot oiH 

Arctic sperm 
Mustard seed 
Arachis J 

Sperm I (sometimes) 
Rape j 

Sunflower oil 

Niger seed „ 

Cotton seed „ 

Sesam<5 

Rape „ 

Cod liver ^ 

Seal 
Whale 

Porpoise „ 

Linseed oil 

Hempseed „ 

Walnut „ • 


Solid hard mass. 


'r Buttery mass. 


y Pasty mass separating from a fluid 
portion. 


Liquid products. 


perforinin^^^i? appear to show that no satisfactory method 

l^rformmg it as a quantitative test has vet heen mnna under the 


Af y puuiihucu or inis lest app 

dnJ^e .IIh'ISLL”-® quantitative test has yet '^en mind, 
uiJWgand semi-diying oils have therefore been omitted. 



sjiaomcA3n6i!t 

The number of' grams of oil Saponified ,by 

potash, i.e, 56*1 grams of potash, is termed ... _ 

equivalent ; whilst the saponification value is the number, pf' 
milligrams of potash required to saponify ONE GRAM OF OIL, 
i.e 56,100 m. grams of KOH saponify x gram of oil (i.e. sap. equiv.) 



. 56,100 

X 


I „ „ (i.e. sap. value)^ 


or 


56,100 
sap. equiv. 


sap. val. and 


56,100 

: *ssap. equiv. 

sap. val. ^ ^ 


Hence the saponification value increases as the molecular weight of the 
glyceride decf eases. • This^s shewn in the table of the calculated saponifi- 
cation values of the pure triglycerides at end of book. 

Free fatty acid in a fat raises its saponification value. It is therefore 
advisable to determine the free acid, if any, in the fat«before saponification. 

The presence of any considerable quantity of unsaponifiable matter, of 
course, proportionally reduces the figure. This factor should therefore 
be ascertained in conjiAiction with the saponification value before deduc- : 
tions are made as to the kind of oil or fat present. 

The chief use of this figure for discriminating purposes is in the 
case of the 

Cocoa-nut group, Porpoise and dolphin oils. 

Butter fat, Rape oil class. 


{See table opposite) 


§ 76 . Technical aspects, 

I. Soap-making 

As the saponification value is a measure of the weight of potash 
required to combine with a given weight ot oil, it indicates exactly the 
amount of oil and of alkali required to manufacture a given quantity of 
soap. The figure is in terms of potash, but a simple calculation is only 
necessary when producing hard soap with soda. Thus : 

A ton of soft soap is required of a strength of 38 per cent, fatty acid. , 
The saponification value of the oil is found to be 190. How much oil and 
potash will be required 1 

Assuming 95 per cent, of insoluble fatty acids are yielded from the 

oil, the amount of oil required will be : 

38x100 . O 

per cent, of 20 cwt, or 8 cwt. 

95 ^ 

Assuming the potash to be (for instance) 92 percent, purity KHO the 
amount required will be 

i51?x8 or 1 cwt 73 lbs. (nearly), 
looo 92 ' 

A potash lye of suitable strength must be taken, and su^cient water added 1(1 
give a soap of the requifi^ fatty add. 
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inc case oi soda, the amount of alkali required, assuming again a' 
Strength of 92 per cent. N%OH, will be obtained by multiplying the result: 

,as above hy (equivalent weight caustic soda, divided by the equiv. 

. weight caustic potash). 

^r*i_ 1 QO loo 40 

looo ^ ^ 561 ^ 1 cwt. 20 lbs nearly. 

2 . Glycerine production. 

Assuming no free fatty acids present in an oil or fat, the theoretical 
yield of glycerine may be calculated from the saponification value of the 
oil. For this purpose, it is only necessary to multiply the fig^ure of 
the S.V. by the factor *054664. For since glycerol combines with 
3 molecules of a fatty acid its combining weight is J of the molecular 

weight-- or 30*6. ^This is equivalent to 56*1 of Potash, therefore the 

factor is -77--^ or -054064. 

56-1x10 ^ 

In order to know the actual yield /V/ practice^ the percentage of 
decomposition obtained must be found. From this is subtracted the 
original percentage free acid, and the final percentage obtained is 
multiplied by the above theoretical figure for glycerine. Thus : 

Oil had 5 0/0 free fatty acids. 

After deglycerination, 88 per cent, of fatty acids wt.e found present. 

Amount of decomposition — 83%. 

Yield of glycerine -= x 10*55 or 8*75 per cent. 

Small errors may be clue to (i) mono- and diglyceiidcs contained in the 
original oil (due to decomposition of the triglycerides) ; (2) mono- and diglycerules 
present in the fatty acids after deglycerination; (3) poljgl'.ccrides in commercial 
glycerine. 

§ 77. ETHER INSOLUBLE BROMIDE VALUE. 

On treating the unsaturated glycerides or their fatty acids with 
bromine, there are obtained bromides which differ in their solubility in 
solvents, especially in ether. 

Thus the he.xa- and octobromides from linolenic and ciupanodonic 
acids and their glycei 'cles, are very sparingly soluble in cold ether. 

Consequently, on weighing the precipitates obtain^ J by brominating 
an ethereal solution of the fat or fatty acids, an estimate is formed of the 
acids present which alisorb 6 or 8 atoms of bromine. 

The drying^ oils* are thus broadly distinguished from the semi- 
drylng oils. 

* It must be pointed out however that tung oil and poppy seed oil which are 
^both classed among the drying oils yield no hexabromides. 
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The importance of this method of distinction will be se& when it is 
remembered that mixtures of drying and semi dryi^ig with non-drying oils may 
be readily made which give identical iodine values, but which are readily 
distinguished by means of this test. 

The melting point of the bromides establishes an important distinction 
between hexa- and octobromides, the latter as obtained from the fish oils. 
The hexabromides melt at about 170° — iSo^C to a clear liquid, whilst the 
crude octobromides from fish, liver and blubber oils do not melt, but at 
about 200“ C. begin to darken. 

Marine oils can thus be distinguished from the vegetable 
drying oils. 

From the yield of bromides the proportions of the unsaturated 
glycerides or fatty acids can be approximately calculated by reference 
to the following table. 


Factors for Conversion of Insoluble Bromides into 
Glycerides and Acids. 


A( id or Glyceride 

Hrnmide 

F.tCtOT 

Clupanodonein 


•3^8 

Cliipanodonic acid 

Cisn2.<-02Bls 

•.^01 

I.inidenein 


‘Ml 

Linolcnic acid 

GigllsoOiiBio 



Technic.vl aspects. 

The presence or absence of fish oils in drying oils 15 an important 
consideration in the paint and varnish industry. Generally speaking, in 
spite of some evidence to the contrary, it may be taken that the fish oils 
do not make as satisfactory paints as the vegetable drying oils. There is 
always a temptation to adulterate drying oils with fish oils owing to the 
low prices ruling for the latter. 

It IS therefore very necessary to be able to discover the presence of 
fish oil in a paint or varnish, or in an oil supplied for the manufacture 
of these (.see chapter on drying oils). 

§ 78. THE RBIOHBRT-MBISSL VALUE. 

This test is a measure of the volatile acids contained in an oil 
or fat. It woiihl of course be preferable to ascertain the total fatty 
acids volatile in steam. Attempts in this direction have however failed 
owing to the fact that on repeated distillation the non*volatile fatty acids 
undergo decomposition yielding volatile products. As the test is there- 
fore an arbitrary one the greatest care must be taken to obtain the 
same conditions m successive tests. 

For this purpose delinite diincn»ons for Phe apparatus and minute 
directions as to procedure are laid down and must be strictly adhered 
to if uniform results are to be obi.iined. 



CH. V3 CHEMICAL METHODS OF EXAMINATION Mf 

Most oil 5 yield a value of below 0*5. The test is of greatest value in 
the examination of but^er-fat, which gives a high figure owing to the 
amount of butyric acid which it contains. Porpoise and dolphin oil are 
also characterised by high values owing to the presence of valeric (?) acid. 
The cocoanut group also yield discriminating lesults with this test and 
the succeeding test. 


But ter- fat 

26—33 

Porpoise oil 

23—40 

Porpoise Jaw oil 

48-66 

Dolphin oil 

5-6 

Dolphin Jaw oil 

66 

Cocoanut oil 

7 

Palm kernel 

• 

5-6 

Technical asiuvcts. 



Tad/e of Reich ert-Meissl Values. 


1*5 grams 01 oil 


1. Edible fats. 'Fhis test, and the succeeding test, are of use 
mainly in estalilishmg the purity of butter fat, and in detecting admixture 
of animal fats and of cocoanut or palm kernel oils (q.v.). 

2 . Fatty acid production. 

In the commen ial production of fatty acids, the proportion 'T volatile 
fatty acids is of importance, as although the glyceiides ot these fatly acids 
yield their full amount of glycerine, most if not all of tl e volatile acids are 
of no commercial value, ami further they are lost during the process 
of deglyccri nation. 

It follows til, It a soap of somewhat different character is produced 
if made, not direuly fiuin '/or example) cocoanut oil^ but Iroin the com- 
mercial fatty aciils obtained on deglyceri nation of the oil 


§ 79. The Folenske Value. This test is of use in detecting the 
presence of cocoanut or palm-keinel oils— -especially in admixture with 
butter fat. It is earned out in almost an identu.d manner with the 
Reichert-Meissl V,ilue. 

The oils contain glycerides of caproic, cajiryhc, capric and lauric acids 
which pass over in tlie steam but are partially 01 wholly .asotuble in 
water. The insoluble volatile aenU are estimated by titration with alkali. 

The figures obtained in the case of butter, etc. are as follows : 

Fai, etc. No. of C.C KOIJ. 

If> 

Biitlcrf.it ‘2',^— ,V3 

(Jocoanut oil 15 — 20 

Palm kernel oil 10— n 

• • 

§ 80. The Acetyl value, U has already Ix'cn shewn llnu the H 
of a hydroxyl group attached to a carbon atom is leplaceable by an 
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aoietyl radlole (CHs.Cp) except in the case of the -Oh group of 
the carbonyl group. This reaction fornjs the basis for the determination of ■ 

(1) Alcohols including glycerol (see acetin method), e.g. 

R- Oil + CH3CO . Cl= R . 0 . OC . CH3+HCI 

C3H6(0H)3+3CH3C0 . Cl« C3H5(0 . OC . CH3)3+3HCL 

(2) Monoglycerides and Diglycerides. 

C3H5(OH)a(OX) + 2CIl3CO. C1-C3H3(0 . OC . CH3)a(OX)+2HCl 
C3H5(0H)(0X), + CH3C0 . CI=C3H,(0 . OC . CH3) (OX)2+ HCl. 

(3) Hydroxy or Hydroxylated acids. 

Ci 7H32(OH).COOH + CH3.CO.C1 

=A7H32(0 . OC . CH3) . CO . OH + llCl. 

Ci:Ho<j(OH)o. CO . OH + 6CH3. CO . Cl 

= CnH3i,(0 . OC . CH3)« . CO . OH +6HC1. 

The test is chiefly useful in recognizing and determining oils of the 
castor oil group h 

Technical aspects. 

In practice the test refers only to castor oil, the technical considera- 
tions in connection with which are described on page 144 

§ 81. THE ACID VALUE. 

As previously stated 23) oils and fats as produced in commerce, 
often contain small quantities of fat hydrolysing enzymes for enzyme 
producing moulds) derived from the seeds or tissue. These, especially in 
the presence of moisture, split the glycerides, producing very varying 
quantities of free fatty acids. 

Generally speaking, the percentage of free acids in an oil is a good 
guide to the grade of oil and to the can3 taken in its prep n ation. It 
must be noted however that oils which have been treated with caustic 
soda during retinement fcotton seed oil. etc.) w'ill be almost neutral in all 
cases, while the enz>nie is destioyed in oils which have been lefincd with 
sulphuric acid. 

Technical aspi.cis 

1. Edible oils. 

More than qe’tt a small percentage of free fatty acids present in 
an edible oil imparts an unpleasantly sharp flavour to the oil. This test 
is therefore of great im[)ortan<'c. 

2. Soap-making and Glycerine production. 

As free fatty acids inii}ly decomposition of the oil, the glycerine 
represented by the amount of free acid present is already lost. The oil 
is therefore of proportionally lower value for glycerine production. This 
test is employed to ascertain the percentage of decomposition of the oil 
during and after dcglyccrmation. 

* The di.slinction between the “ apparent ” and the “ true ” acetyl value is 
refeired to in the <k*scriplion of the test. 



ch/vJ chemical methods of examination 

5; tiUbHcating. 

Free fatty acidb in ,i/!y amount are very objectionable in lubricating 
oils or fats. 

F atty acid has a very pronounced corrosive action on iron and steel, 
and a pitting action on most other metals, and its presence in lubricants 
is theiefore very undesirable. 

Apart from this, the free acids have often a great tendency to crys- 
tallize out and may thus cause blocking and stoppages in oil ducts. 

In cylindei oils of all kinds free fatty acids arc extremely objection- 
able, as the corrosive ac non is acccleiated by high tern jiei.uu res. 

4. Candle manufacture. 

Neutial od (glyceiides) in any quantity objectionable in candle 
material for three reasons. 

(1) There is loss of glycerine through the decomposition of the oil 
not being carried far^enough. 

(2) Neutral oil in the “stearine” means a lowei melting point, and 
hence less value. 

(3) On burniifg candles produced with such steanne, acrolein is 
produced, which on extinction of the <.andle causes an objectionable 
odour. 

This is thus an important test for the “stearine'’ or fatty acid for 
candle material. 

5. Pharmaceutical and Medicinal. 

Oils for this purpose sliould contain no free fatty acid in this test, 
as it has an injurious action on the skin and murou . inembranes. 

§ 82. UNSAPONIPIABLB MATTER. 

The actual amount of unsaponifitible matter in nntural oils and fats is 
variable but the great majority contain under 2 ucr cent ^'see 19). 
E.vceptions are shark, dolphin and porpoise oils (q.v.y w'hich contain 
spermaceti. 

As mineral oils, lObin oils and tar oils aie of low value compared with 
the natural oils and fats, there is always an inducenicnt to add these as 
adulterants. The amount if present of mineral adulterants can be 
accurately determined by this method, by subtracting the average 
figure for the pure oil from the result obi. lined. 

For the identification of mineral, rosiii and tar oils the unsaponifi- 
able matter must be st parately examined. 

For the identification of pliytosterol and cholesterol m the unsaponifi- 
able matter see pi actu al portion of book. 

The Waxes. 

As the natural waxes are mainly esters of monoh\dric alcohols, 
insoluble in water, they \'ield by ^his method, large percentages of 
unsaponifiable matter. In addition, free alcohols and hydrocarbons 
are often present. 
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Technical aspexts. 

Considerable amounts of unsaponifiable mcfttcrs may be found In oils 
which have been extracted by means of volatile solvents (see page 214). 
This is due to incomplete evaporation of the solvent, or to the employ- 
ment of a too crude or imperfectly fractionated solvent. 

1. Soap-making. 

A higher percentage of unsaponifiable matter than abemt 2 — 3 per 
cent, renders an oil unsuitable for soap-making, especially for soft soap- 
making. “Shark oils” often contain unsaponifiable matter over 4 per cent. 

Soap made with such oils does not “set” on cooling. “Oleine” 
(crude oleic acid) which is used largely in the prc])aration of soft soaps 
for wool scouring and for laundry purposes, if prepared by distillation 
contains notable amounts of unsaponifiable mailers (chii'tly hydro- 
carbons). The same remarks apply to distilled products of wool fat 
or “ recovered grease.” Such oleines are unsuitable for soft soap manu- 
facture. The addition of mineral, rosin, and tar oils to oils for soap- 
making purposes is ecpially obicctionable. 

2. Lubricating oils. 

Since lubiicating oils normally consist of mixtures containing mineral 
oils, the presence of notable iju.aniities of unsaponifiable matters in a 
vegetable or animal lubric«iling oil is mainly objectionable from the point 
of the diminution in value, since mineral and other un-iaponiliable oils 
are choa])ei in price. 

3. Candle industry. 

As most candles aie mixtures of fauv acids witli mineral waxes, this 
lest is of importance in the determination of the latter consiilucnt. 





SFXTION IV 

CLASSIFICATION OK NATURAL OILS, FATS AND WAXES. 

83 . It has been pointed out in a previous chapter, that the fatty oils 
and fats are readily distinguished from the waxes since the latter are 
compounds of alcohols (mainly monohydric) other than glycerol, 
whilst the former are glycerides and yield glyct^ine on hydrolysis or 
saponification with alkalies. 

The oils and fats may also be classified as regards their source frorh 
animals and plants. Animal oils contain the ak'ohol Cholesterol, 
whilst oils from vegetable sources are characterized by the presence of 

phytosterols h 

^84. For further distinction between individual oils .ind fats, it is 
obvious that the character of the fatty acid radicle must form the basis of 
classification. In a few cases, a distinction may be made by llie mole- 
cular weight of the fatty components <T the oils 

This however applies to only a very hnv rases and the gieat majority 
of oils are uniformly composed of glycerides of fatty a('id:> which are 
almost identical in molecular weight. 

§ 85 . Another possible basis of classification is the presence of 
hydroxyl groups in the fatty acid molecule Thi;> distinction how- 
ever applies in the case of only one of the oils of conunerce-. 

§ 86 . The only othei distinction between the oils consists in the 
degiec of unsaturation of the component fatty acids. 

There aie lieu two aspects to consider, viz. : 

1. The degree of unsaturation of the individual acids. 

2. The amount of unsaturation of the total acids present expressed 
in terms of their iodine absorption. 

(Generally speaking, those oils which contain the more highly un- 
saturated substances, give also the higher iodine absorption figures. 

There is how ever one important excejilion. 'fhe fish oils of commerce 
— more correctly termed the marine oil group are characterized 
by the presence of the most highly unsatu rated glycerides occurring 
naturally, but have not commonly* such high iodine absorption values 

^ Sisosterol, etc. * Castor oil. 

* Since the blubber oils are from marine mammals. 
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as these ve^table oils which contain glycerides of a lower degree of ; 
unsaturation. ^ 

Further, certain oils, suthciently high in iodine absorption values to be 
placed with oils such as linseed, contain actually no acids of like degree 
of unsaturalion. 

As however these oils, notably tiing and poppy seed, approximate 
closely to linseed oil m their properties, it is convenient to group them in 
the same class. 

§ 87. It therefore follows that the most rational classific ition, and 
the one adopted here, is : 

1. To place the oils in groups according to the character of the 
most highly unsaturated fats they contain. * 

2. To classify each individual member of the group according to its 
total unsaturation value, as determined by its iodine absorption. 

There arc thus fcjir main groups, as follows: 

A. Oils containing glycerides of fatty acids which absorb 8 atoms 
of bromine (e.g. Clupanodonic acid), i.e. Marine oils. 

B. Oils conlaifting glycerides of tatty acids which absorb 6 atoms' 
of bromine (e.g. Linolenic acid;. 

These are the vegetable dr\ing oils. 

C. Oils containing notable proportions of glycerides of acids which 
absorb 4 atoms of bromine (e.g. Linohe arid). 

These are tiie semi-drying oils. 

D. Oils containing little or no glycerides of acids more unsalurated 
than Oleic, absorbing 2 atoms of bromine only. This group includes 
the fats of commerce. I'herc ar*. however fats known which belong to 
group C^.) 

The natural waxes may be distinguished as: 

1. Solid. 

2. Liquid. 

Also as to their source, i.e. animal and vegetable. This distinction is 
however not ascertainable by clicmical tests, as in the case of oils and 
fats. 

§ 88 . With regard to the Analytical data, only those have been 
included which yield definite information. Kach test is distinguished by 
a definite number throughout, as follows : 

( 1 ) Specific gravity at 15*5”^. 

(2) Melting point '"C. 

(3) Solidifying point fatty acids ° C. 

( 4 ) Refractive index (Z. B.)-' at 40 C. 

1 With exceptions as befor# staled. ^ 

* These are of no practical interest at present. 

* Zeiss Butyrorcfractometet. Nearly all the deterniinatijuih are made on this 
instrument 



94 CLASSIFICATION OF NATURAL OILS, FATS AND WAXES [§ IV 


( 6 ) Viscosity. 

( 6 ) Solubility (“true Valenta”) and “T'urbidity temperature.” 

(7) Polari meter. 

( 8 ) Iodine value. 

a. Bromine Thermal test 
d. Maumene test. 
c. Livache test. 

( 0 ) Elaidm test 

(10) S.iponification value. 

(11) Insoluble Bromide value. 

(12) Reichert-Mcissl value. 

a. Polenske wdiie. 

(13) Acetyl value. 

(14) Acid value. 

(16) Unsaponifiable matter, per cent 

Those of the above data which are of importance and yield definite 
infoimation in connection with the various classes o( oils, fats and waxes 
are indicated in the introduction to each of the j’lt^ups and classes in 
question. 

The following numbers have inipoit nice only in the case of a single 
class of oils . 

( 5 ) Lubricating oiK. 

( 9 ) Non-drying oils. 

Others are of value only in tonnection with particular oils, as; 

( 7 ) and (' 13 ). Castor and a few rare oils. 

( 12 ) and ( 12 a). Coconut group .ind buitei fat. 

In all cases the figuics whi< h are of iinpoitance are indicated under 
the desciiption of each indiMilual oil, f.it and wa\, t’ven u>hcre these have 
not as yet been a^o.riaineiO with certiunty. in this case, a blank Space 
is Idt opposite the number of the test thus indicating where further work 
is desira)>le. 

Extreme values have, fiom time to time, been recorded by various 
observeis, and tlie->e, being out'.idc the usual range, are given separately 
under each oil, fat and wax, .iiul the authorities indicated in each case. 

‘ In many fases the authors have these deLermmations in hand, but were 
unable to complete them before going to press. 



•THE MARINE OILS 


Oroup 1. FISH OILS. 
Oroup 2. FIVER OILS. 
Group 3. RLUJiRER OILS. 


lypi al oil. Menhaden. 

. < \)d Liver oil. 

n Whale oil. 



A. GLYCERIDES 

(i) LIQUIDS 
This group comprises aU the natural oils. 


CHAPTER VI 

CLASS I. THE MARINE OILS 

Oils cofitaimn<^ glycerides of fatty acids absorbing 8 atoms of bromine. 

^89. These oils are all similar in their physical i haracteristics, 
possessing, especially in the crude condition, a pronounced and more 
or less disagieeahle ‘tishy’ odour and acrid flavour. 

Chemically they contain varying proportions ut the highly unsaturated 
acid termed by Tsujimoto, clupanodonic acid, absorbing 8 .itoms of 
bromine per molecule, giving the octobroimde CislL)^ 02 lhv. Similarly 
on hydiogenation in presence of a catalyst, this acid is converted into 
stearic acid with the absorption of 8 atoms ot hydrogen. Analytically 
these oils are distinguished from the vegetable drying oils — which they 
resemble in their high iodine absorption values — by the behaviour of the 
octobromides obtained on bromin.itmg the mixed fatty acids. (See In- 
soluble Bromide Values, p. 86.) 

These bromides on heating do not melt but begin to darken and 
decompose at a tempciature of 200 ' C. 

A further distinguishing point is that these oils, in the Livache Test 
(q.v.), though absorbing large amounts ot oxygen, do not dry to an 
elastic skin. 

Possible exceptions arc the two oils, porpoise and dolphin, 
which require further investigation, especially the former. 

90 . The marine oils form three subdivisions, according to their 
origin, viz. ; 

I. Fish oils obtained from ^he bodies, of various fish. 

2 Liver oils derived from the livers only of a certain class 
of fish. 
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3. Blubber oils contained in the oil-tissue of marine mamnoals’. 

Xiiver Oils are distinguished from fish and blubber oils by the 
presence of substances derived from the liver cells, of which cholesterol 
ii^ the most important. These give a colour reaction with sulphuric acid 
described later (see practical part). 

The blubber oils differ enormously in their composition. Some 
resemble the fish oils very closely, others approximate to the liquid 
waxes in their large content of non-glycerides and are also remarkable 
in containing large amounts of glycerides of fatty acids of low molecular 
weight. 

Notes on Analytical C|ata. 

§ 91 . The most important physical and chemical data are : 

( 1 ) Specific gravity. 

( 3 ) Solidifying*point of fatty acids. 

( 4 ) Refractive index. 

(6) Solubility (“true V'alenta”)-. 

(8) Iodine value, and its variants, bromine thermal test, etc. 

( 10 ) Saponification value. 

( 11 ) Insoluble bromide value. 

( 14 ) Acid value, 

( 16 ) Unsaponifiablc matter. 

The melting^ point (2) is of little value for disc ‘ iminative purposes 
owing to the very varying amounts of ‘stearinc ’ ront Miied in these oils. 

As, owing to their pronounced gumming properties when exposed to 
air, these oils are quite unsuitable for lubwcants’*, t]:e estimation of the 
viscosity (5) has no significance. 

The slight optical activity which marine oils exhibit is due, not to the 
glycerides, but to the varying amounts of the unsapumfiable con.siituents. 
Hence the polarimeter (7) gives no definite information. 

The elaidin reaction (9) is negative in all cases. 

The amount of volatile fatty acids is small and uncharacteristic^, 
hence the Reichert-Meissl (12) and Polenske {12a) tests are un- 
important. 

Apart from the iodine value (8) which is somewhat \ arable in 
different samples of marine oils, by far the most iinpoiiart discriminative 
test is the insoluble bioniide value of fatty acids (it) giving a measure of 
the percentage present of clupanodonic acid, the chaiacteristic acid 
of the class. 

^ With the important exception of the Sperm wbale (see ‘ Sperm oil ’). 

* See lootnote on page 75. 

® Note however excepuoiis" in case tX blown wliale oil, and the oils from 
porpoise and dolphin. 

* Exceptions are dolphin and porpoise oils. 

jc w. 




/■ ^ v./'’ 

,,^ , ?ery imperfeoily known. OlelO’Mld ™ ^ 

‘stearine’ is probably palmitic aoid. Clupanodopic ic*i 
varying proportions. 

Technical. ' ’ 

The chief eflforts towards refinement of marine oils have in generttt^ 
been directed to the elimination of the unpleasant fishy odour which 
all possess in a greater or less degree. Tsujimoto attributes the odoUr^i 
to the clupanoclonic acid which they contain, and this opinion wotttf ' 
appear to receive confirmation from the fact that hydrogenated oils arc ^ 
practically odourless. Against this view may be cited the fact th^t 
linolenic acid was nc< at fust obtained odomiess, and the odour -of 
clupanodonic acid may therelore conceivably be due to impurities, and 
further, that it is not until the hydrogenation of fish oil is almost com- 
plete, that the odour entirely disappears. Many methods have been 
proposed to remove the odour without altering the composition of the 
glycerides — some with a certain amount of success. 


Group 1. Pish oils. 

§ 92. Typical Oil. Mfxhaden 

The fish oils exist in most fish to an equal extent in almost all parts 
o! the tissues. 

There are four oils of commercial impoitam e, viz. : 

Menhaden od 
Japan fish oil 
Herring oil 
Salmon oil. 

The method of obtaining the oil is by boiling or steaming the fish 
whole or sliced up, either at atmospheric or higher pressures. The 
partially exhausted mass is then usually pressed, yielding a further 
quantity of oil. In the case of salmon oil, this procedure is only used 
when the fish has become putrid. Noimally it is a product of the edible 
salmon in the tinning industry. 


§ 93. Typical Oil. MENHADEN OIL. 


1. General and Analytical. 


Character. 

Colour varies from pale yellow to brown. 
Odour faintly to strongly ‘fishy.’ 

“Si KARINE ” variable in anuunt. 




AtOku 

Spedffc gravity at 15-5*0. 

(J®) ^Solidifying point * C. fatty acids 
( 4 j^ Kefractive index 40" C. (Z. B.) 
(9) Solubility. True Valenta 
Kxjo 
80 

Alcohol reagent 


Average 

figure 

0-931 


72' 


^vfremes 

recorded 

•9271— *9361 


(8) 

Iodine value 

{a) Bromine thermal test “ C. 

160 

29 

0 

7 

0^ 

147-92— 193*9’ 


{b) Maumend “ C. 

126 “ 

f23— 138 


(10) 

(11) 

(c) Livache (O absorption) 
Saponification value 

Insoluble bromidf value fatty 
acids 

193 

190-195 

i88*7»— 

63-1 ^- 64 * 5 * 

(14) 

Acid value 

7 

5-8 

35 — 12* 

(16) 

• 

Unsaponifiablc (per cent.) about 17 o 

•8—1*2 

very low 
grades higher 
•6«— 1-67 


Remarks. The tests which are not recorded have no signifi- 
cance in the case of this oil. The most important are (8) ana (ii) 
for discriminative purposes, and (14) and (15) for determination of 
grade of oil. 

Chemical Composition. 

Not fully known. From (ii) the calculated percentage of 
clupanodonic acid is about 19 — 20. 

Adulteration. 

Prices u.sually lower than vegetable drying oils, but dearer than 
mineral and rosin oils, with which it may be adulterated. When 
present thtse are readily detected by the lowered saponification 
value and increased percentage unsaponifiablc matter. For detection 
of rosin oil the Liebermann-Storch lest is useful. 

Special tests. Hoppeiistedt’s colour reaction, see practical part. 

11. Technical. 

Source. The body of the American fish Alusa Menhaden^ 
resembling a herring. 

Content of oil. Varies, but not usually over 15 per cent. 

' Lewkowitsch. • - #\rcliliutt. ® Bull. 

* Atlas (E. and M. method in author’s laboratory). 

• Alsop. ® Fahnon, 


^ Thompson. 
7—2 
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Industry. 

Chiefly at New Jersey and Atlantic coastline N. America. 
Season, May to November. Two methods are used for obtaining 
oil : 

(1) Boiling in large pans with false bottoms. On settling, oil 
rises to surface and is skimmed off. 

(2) By a continuous process of steaming, and subsequent 
settlement 

The residual * fish scrap ’ is pressed in hydraulic presses, and a 
further yield of inferior oil obtained. 

The pressed cake‘or ‘chum’ is dried, and forms a valuable 
manure. 

The production amounts to about half a million tons per annum. 

r 

Refinement. 

There arc three qualities of crude oil, (i) prime crude, (2) brown- 
strained, (3) light strained. The lighter (Qualities are bleached by 
means of Fuller’s Earth. The ‘strained’ oils have been filter 
pressed. 

Properties and Uses. 

The oil has a variety of uses anicng which the chief are: 

Currying leather. 

Adulterating paint oils. 

Soap-making. 

Adulterating cod liver oil. 

Manufacture of linoleum. 

Tempering of steel. 


§ 94. “JAPAN PISH OIL.” 

The oil known in commerce b) (his title may be either sardine oil 
or herringf oil. or mixtures of these wnth lesser known fish oils. The 
figures for each of these oils are given, together with those obtained for 
the commercial oil 


1. General and Analytical. 

Character. 

Yellow to brown, with varying degrees of ‘fishiness’ in odour and 
fiax’our, and of consistence, depending on grade. Steal ine is often absent 
at 15^ C, 



;£|I. VIJ THE MARINE OILS lOI 


Physical and Ohemical Data. 




Japanese 

J.npanese 

Commercial oil 


Test 

Sardines 

Herring 

variations 

ay 

Specific gravity 15*5'’ C. 

•932— *934 

•918— -925 

916—934 

( 2 ) 

Solidifying point fatty acids X. 

35'’“36^ 

30— 3> 

28— 

( 8 ) 

Refractive index 40® C. (Z. B.) 



56-61 

( 0 ) 

Solubility. True Valenta 





Vx 10 





ilo 





Alcohol reagent 



58 68 

( 8 ) 

Iodine value 

181 187 


121 — 171 


(a) Bromine thermal test 





{ 6 ) Maumen^ 

• 




(c) Livache 




( 10 ) 

Saponification value 

195-196 

186 190 

189*8 — 193 

( 11 ) 

Insoluble bromide value 

44—47 

13 -21 


( 14 ) 

Acid value 



10—40 

( 16 ) 

Unsaponifiable matter (per cent.) 


•5—1-5 


Special tests.* None. 
Remarks. 


The cruder oils contain large amounts of albuminous stibstancc3 which 
give very close emulsions on boiling the oil with water or weak acid 

Chemical Composition. 

Not fully known. The “stearine” is probably palmit^in. Clupano- 
donic acid is proportional to the insoluble bromides ^ound, being about 
0*3 of this amount. It v.uies thus 

Japanese sardine 13 5 to 14 per cent, 

japraiese heiring 3-5 to 6-5 „ „ 

“Japan fish” (commerrial) 6*5 to 7 „ „ 

Adulteration. 

Too cheap to adulterate except with mineral and rosin oils, easily 
detected by determining the unsaponifiable matter. I* or detecting rosin 
oil, see Licbei mann-Siorch reaction. 

II. Technical. 

Source. 

The Japanese sardine, Clupanoiiim me/(mos/ic(a, the Japanese herring, 
Clupea pallasi^ and other less known fish oilb. 

Method of obtaining oil. 

In general, as for Menhaden oil, but a continuous process is not yet 
in operation. 

(1) The fish are chopped up, boiled with water, and the oil skimmed olf. 

(2) When labour is sca.rce, the fijh are allowed to rot in heaps, when 
the oil flows out. A further yield is obtained on applying^ pressure. 

The first method yields of course the better quality oil. 
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Hefinement. 

Chiefly at Yesso and Yokohama. It is quite primitive, and 
consists in heating up the oil and allowing to settle, when some Of the 
albuminous impurities and water subside. 

Uses. 

In Japan, for currying leather, and as a paint oil. 

In Kurope, chiefly for ‘Fish^ soft soap. It has been successfully 
‘hydroj^enated* (hardened) by means of hydrogen and a catalyst, and 
yields a hard, almost white and odourless fat. 

^ § 96. Herring Oil. 

In addition to the Japanese herring oil, described under ‘Japan Fish Oil,’ 
an increasing amount of North Sea honing oil (from the species Clupea hurengns) 
is being produced and shipped from Norway. The analytical figures of this oil 
do not difi'cr materially from those of the Japanese variety. The oil occurs 
in commerce in vaiymg conditions of crudity, with widely differing characteristics 
as regards colour and odour. 

§ 96. Salmon Oil. 

I'his oil is normally a bye product of the salmon tinning industry of British 
Columbia, and has a not unpleasant odour and flavour. The sample e.xamined 
by the authors however (from a consignment of several hundred tons) was of 


extremely rank odour and reddish in coLr’r. It was undouhLcdly the product 
of putrid fish. It gave the following characteii'.tir> : 

( 1 ) Specific giavity at I S' i,' '^242 

( 3 ) Solidif) ing point fatly acids. 24*5"' 

( 4 ) Refractive index, 40® C. (Z.b.) 6«'5 

(8) Iodine value. 168 

(10) Saponification value. •h8'5 

( 14 ) Acid value. 45 '5 


The oil is used for soap-making and for treating leather, 

§ 97. Group 2. Liver Oils. 

Typical Oil— Cod Liver. 

The livers of cert.'iin fish arc very rich in oil. Of these, the principal 
and best known is the Cod, but oil is also obtained from the livers of the 
Shark, Ling, Haddock, Skate and others. 

The method of extraction described under Cod Liver Oil applies to all 
cases. 

The oils are characterised by containing minute quantities of sub- 
stances which give colour reactions 'an<i are (Ferived from the liver cells. 
Of these colour reactions, many have been proposed, but the only one 
real^ reliable is the sulphuric acid test. 
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§ 98. COD LIVER OIL. 

1- General and Analsrtical. 

Character. 

Water white to dark brown in colour. 

Odour faint to nauseou.s. Taste very mild to acrid. 

“ Steak INE ” varies in amount according to the temperature of 
extraction, and the amount of “racking” {;vide infra). 

Chemical Composition. 

.. Further research is necessary to establish the composition of 
qod liver oil. An acid exists which gives an ocroBRo.viiDE, but 
there is doubt whether this is Clupanodonic acid or the Therapic 
acid of Heyerdahl. ^Among the solid acids were found Myristic, 
Palmitic, Stearic and Pa'ucic acids*. 

The CRUDE OIL contains organic bases, among which are amines 
and ptomaines'*. A small amount of Iodine** (’0002 — ’03 per cent.) 
is stated to occur in the oil. 

Physical and Chemical Data. 

Avcri'xe ITmu'iI E* •reme*; 

tiguie vaititl 101)1 jccoidcd 

( 1 ) Specific gravity 15*5'’ C. *926 -923— ^30 •922^— -941'* 

( 3 ) Solidifying point fatty acids (according 13“ -24° — 

to racking) 

( 4 ) Refractive index 40” C. (Z. B.^ 70 68"* — 71“ 66'®— 

(6) Solubility. True Valcnta 

Vx lo 
80 

Alcohol reagent 

(8) Iodine value tree stcarine 170 160—175 —198® 

with stearine 140 — I 35 ®~ 

(a) Bromine thermal test 28 

(d) Mauinene 113 /15 100^—116® 

(c) Livache 

( 10 ) Saponification value 185 182^ 189 168^—193-’ 

(11) In'-oluble bromide value (acconling 28 — 30 35^ 

fatty acids to stearine 

present) 

( 14 ) Acid value from practically neutral to very high acidity [in crude 
oils]. 

( 16 ) Unsaponifiable matter 1*0 o'5 - ^ 0-5’^- 4*6i'‘* 

^ Bni/. Benefits 1906, 3570. 

® Gautier and Morgues, Coinptes Rend.^ 1S88 [107], 254, 626, 740. 

^ V ® Cerdeiras {AnaK Fis. Quint. 1915, 13, 4391) claims to have isolated from 
Cpd Liver Oil the glyceride of tetiachloroletraiodotherapic acid 

♦ Kremel. * Bull. ® Lewkwwil.sc'i. ^ Henseval. ® Baynes. 

• Sage. Ilehner, Fahrion. Pany. 
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Adulteration. 

Fish oils. 

For detection of admixed Menhaden oil see page 99. 

Shark Liver Oil is often added to Cod and may generally be 
detected by the increased amount of unsaponifiaule matter. 
The Insoluble Bromide Value is also lower. 

Vegetable Oils give lower insoluble Bromide values (except 
Linseed), and are detected by the Phytosteryl acetate test. 

Mineral Oils are detected by increase in unsaponifiable matter 
and are identified by examination of the same. 

n. Technical. 

Source. 

From the liver of the cod, Gadtds morrhuci. “ Coast cod oil ” 
is from the livers of other fish including the Shark, Hake, Ling, 
Haddock, etc. 

Industry. . 

The cod-fishing industry is carried on mainly off the coast of 
Newfoundland and in the Lofoten Islands (Norway). Of late years 
a large amount of oil has been produced in Japan where there are 
extensive cod-fishing grounds. 

Formerly sailing boats were used, and the livers were cut out 
of the fish until a sufficient number had been collected before being 
landed and the oil recovered. In conse(]uoncc the livers on arrival 
at the stations were in a more or less putrid condition and yielded a 
dark crude oil. 

A certain amount of oil exudes from the fresh livers in the cold, 
and this was formerly the only quality fit for medical use. 

As steam trawlers arc now employed it is possible tc land the fish 
alive. The fresh livers are them heated in steam-jacketed vessels, 
when the oil is freed from the liver-cells and exudes forming the 
medicinal oil, a further heating at a higher temperature yields 
a LIGHT BROWN OIL and a third grade is obtained by prolonged 
boiling of the livers with water. This last, together with any oil 
recovered from [mtrid livers, forms the ** Brown Oil ” grade. 

The following qualities are therefore distinguished : 

Raw Medicinal Oil. 

^ Bale Oil. 

je Light Brawn Oil. * 

r Brown Oil. 

According to the temperature employed these oils will contain 
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lOS 


more or less “stearine.” This is often removed Ijy settlement 
(“racking”) and is sold’as “fish tallow.” 

Uses. Best qualities for medicinal purposes. 

The beneficial effect is cmisuK rcd by Lewlcowitscli to be flue to the chaiaclei 
of the unsatuiated glyceride, wbicli lie considers more easily assmiilated than 
those of other oils. 


Currying trade. sSuap-making. 


§ 99. Shark Liver Oil. 

COiaraeter. As for Cod Livei Oil jfrom which it is scarcely distinguish.Tble]. 
Romarks. The hii^h uiisaponifl.'xlde and low sapoiiificition values are very 
noteworthy. Two distinct varieties of oil apparently exist, with possible inter- 
mixtures. 

Cbemieal Composition. Imperfectly known. 

Special Tests. None. 

Ptiyelcal and Chenftcal Data. 


( 1 ) Specific gravity 15*5°C. 

( 4 ) Refractiveemdex 40'' C. 

( 8 ) Iodine value 

(10) Saponification value 

( 11 ) In.soluble bromide value 
( 14 ) Acid value 

( 16 ) Unsaponifiablc 
Adulteration. Not specially li.al 
value. Mineral and Rosin oils might a 


(A) 

(B)i 

*915 to *917 

0*8666 

114 to 155 

35^ 

J46 to 190 

22*5 



Veiy vaiiahle 

0 84 

07 to 17 per cent. 

89-1 


to adulteiatiop owing to low market 
would he detected ’ y the Iodine Value 


of the unsaponifiablc matter-. 


Technical. 


Obtained fioin the shark {Seyfunus borealiK) during cod fishing and in 
Japanese wateis. The oil with the high unsanonifi.ible inattci is from Centro^ 
phorus and Sty/mius luhia of the lamily For details of 

extraction see Cod l.iver Oil. 

Uses. As .uluheiaiU of Cod Liver Oil. Manufacture of taij aiilins. 

So.\p -making (oils with high uns.iponifiablc matter unsiiiiable)’^ 


§100. Groups. Blubber Oils. 

'J'ypicat, Oil — Whale. 


These oils, althougli obtained from mammals, resemble very closely 
the fish oils 111 their physical characteiistics. 

Whale and seal oils are also clo.sely allied chemically with the fish 
oils. The oils obtained from the porpoise and dolphin are totally different 
in chemical composition, containing large amounts of die non-glyceride 
spermaceti, and being thus intermediate between whale and seal 

^ Chapman, Anah'<^ 1917 * 42, 161. These cxtiaordinaiy figures .ire due to 
the preponderance of .a hydiocarhon named “.Spinacene” in the oil. It is very 
highly imsaturated, ahMiilung 12 atoms of hiomine: knmula CboUfio (hioniide 
C3oIl6oBr,2). 

* Iodine value of uijs.\poniriahle mattei : 376*2. 

* New uses for spinacene contaiuing oils will piohably be found. 



OtU on the one hand and sperm oil on the other, which, 
non-glyceride. 

Another curious point is the difference in composition between the Oif ': 
derived from the head and lh.it from the body ot tlie dolphin and poi j^oise. : 

Fiiither, these oils are rich in the glycerides of volatile fatty acids, 
probably butyric and caproic, and thus yield very high Reichert value,^. 

. The method of extraction of all the blubber oils resemble^- that 
employed for whale oil, which is described in detail. 

§101. SEAL OIL. 

I. G^eneral and Analytical. 

Character. 

Water-white to brown in COLOUR. Odour faint to strong “fishy.” 
“Stearine” very variable. 

Physical and Chemical Da 

Test 

( 1 ) Specific gravity at I5'5'’ C 
(8) Solidifying point fatty acids 
( 4 ) Refractive index 40** C. [Z. B.) 

( 0 ) Solubility. True Valenta 
/^x 10 
80 

Alcohol reagent 
( 8 ) Iodine value 

{a) Bromine thermal test 
(d) Mauinenc 
(c) Li V ache 

^10) Saponification value 
(11) Insoluble bromide value fatty 
acids 

( 14 ) Acid value dependent on gia 
( 16 ; Unsaponifiable matter per cen 

Chemical Composition. Imperfectly known. The solid acid is 
probably Palmitic Acid and the oil would appear to contain 5— 67 * of 
Clupanodonic Acid in the mixed fatty acid.s. 

Adulteration. 

Mineral and Rosin Oils— high unsaponifiablc. 

Other Marine Oils— difficult to detect. 

II. Technical. 

Obtained from the blubber of sejls {Phom) of which there are several 
varieties. 

^ Schneider and Bluiiienfeld. ® Krcmel. ® Stoddart. - 


Average Usual 

figure vari^iuns 

•926 *9244 — '9261 

16 '' 14^—16' 13' 

64—65 


140 130-T47 127“— 193' 

26 

90--94 

101 D^9~-i93 178-— 196® 

20 

e 0 2 — 20 per cent. 

04 ~i 




; > 

the vess 

cases the bjubbt r is taken to land and being more or less putrid yields 
lower qualities. The method of rendering follows closely that of whal© 
oil (which see). 

Four grades ire usually recognued, viz. 

Water White. Yellow Seal. 

Straw Seal. Brown Seal. 

TTses. 

,y " For Burning (in old fashioned lighthouses and on board ships). For 
adulterating Cod Liver Oil, and for Soap-mftiking and production of 
stearine by hydrogenation 



practice of obtaining the oil varies. Sometimes it is obti , , 

>el, from the fresli blubber, vieldimr a nale. sweet oil ; Id other 


§ X02- Typical Oil. WHAX^S OIL. 

1. General and Analytical. 

onaracter. 

Water white to almost black in colour. 

Nearly odourless to extremely rank and “fishy.’' 

Consistence varies according to stearine present. 

The lowest grades are semi-solid on account of albuminous 
impurities. 

Physical and Chemical data. 




Average 

iT.sii.a 

Extremes 


Test 

tig me 

variations 

recorded 

(1) 

Specific gravity at I5'5'’C. 

•922 

•917-727 


(8) 

Solidifying point fatty acids ''C. 

23 ” 



( 4 ) 

Refractive index 40" C (Z. B.) 

68 

56-59 


(8) 

Solubility. True Valenla 





Kx 10 





80 





Alcohol reagent 




(8) 

Iodine value 

116 

TIO— 125 

0 

Oj 

r 

Oa 

OX 


(rt) Bromine thermal test 

21 




{b) Maumen^ 


90-92 



(c) Li vac he 




(10) 

Saponification value 

188 

187 >89 

17S'— 194- 

(11) 

Insoluble bromide value fatty 

27 

22- 30 

133 — 3 i 4 


acid 




( 14 ) 

Acid value according to grade i 7 o 

almost 100°!^ 


( 16 ) Unsaponifi.ible matter varies from 0 5 to 3'3 per cent. (The latter 
figure is exceptional. •Most oils do not exceed 2 per cent.) 

* Bull. .Scliwcil/cr. VN.ilkcrand Wuibuilon. 

* Atlas (in author’s laboratory). 
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Chemical Composition. 

About 8 5 per cent, of Clupanodonic acid is present in the mixed 
fatty acids. 'I'he solid fat appears to consist mainly of a glyceride of 
Palmitic acid. Further than this the composition is at present not 
established. 

Adulteration. 

Rosin and Mineral oil would be indicated by a high percentage of 
unsaponifiablc matter. Adulteration with fish oils would be difficult 
to detect unless fair quantities were present. It would then be 
shown by an increased Iodine value (in most cases) and an increased 
yield of ether-insoluble bromides. Adulteration with Shark liver oil 
has been practised, and is indicated by an unsaponifiable of over 
3 per cent., in the absence of Mineral or Rosin Oils. 

11. Technical. 

Source. 

The oil is obtained from various species of the genus Balaena, 

Industry. 

The whaling industry is chiefly earned on in Norway, the Lofoden 
Islands, Iceland and the United States. Stations are also established 
in Japan and South Africa. Some of the blubber is still treated on 
board ship. I'he yield is very variable according to the species of 
animal. The “ Right whales yield iS to 180 barrels per animal, 
whereas the ** Humpback” yield only half this quantity and other 
.species scarcely any. 

At the “trying” stations where the whales are brought, the blubber 
is severed from the flesh, cho[)ped fine in machines, heated, and 
boiled with steam in open pans. After the boiling process, the 
blubber which still contains oil, is further rendered with steam in 
closed vessels, “ dige.sters,” at pressunes of 40 — 50 lbs. ])er sq. inch. 
This yields daiker and cruder oil. The bones are similarly treated. 

The following grades are produced: 

No. O Whale Oil. Runs off blubber in the cold. 

Water white to pale yellow; “sweet,” 
i.e. faint odour. 

No. X „ First boiling. 

Pale yellow ; slightly stronger odour. 

No. a Produced in digester. 

Light brown colour; strong smell. 

Boiics digested. 

Dark brown; pronounced “ fishy smell. 


No. 3 
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No. 4 Whale Oil. Blubber from putrid carcase. 

, Brown to black ; nauseous smell. 

The residue forms “whale i^mano,” a valuable manure. pf'r/cctiy 
fresh it is suitable for cattle feeding. 

Production. 

Total production estimated at about 16,000 tons per annum. 
About -y of this is produced in Norway, about in the United States 
and the remainder from the other c<^)untries. 

Uses. 

Hydrogenation for stearines of all grades. 

Soap-making. 

Burning. 

Leather Dressing. 

The “Blown OiU’ is used as a lubricant alone and dissolved in 
mineral oils (forming “compound” lubricating oils). 

§ to 3 . Dolphin and Porpoise Oils. 

Both of these marine mammals yield oil from two distinct soiutis. vi/,. 
the body blubber, and the oily tissue of the liead and law. The Ix'dv (*il 
yields varying .amounts of aoUd spermaceti wax, u l.dcthe ‘jaw oil’ is CAiremely 
rich in glycerides of volatile fatty acids (ol winch the body oil aho contains 
a proportion). Thus the keichcrt iMeissl Test gives widi the ).iw oils a figure of 
about 60, and the proportion of insoluble laity acids, tog(.tlier \iitli the unsaponifi- 
ablc matter is only about 66. 'I'lie volatile fatty acnl pics.mt h.is been thought to 
be isovaleric, but ma) be a mixture ''f bulyiic and caproic aenP, 

The oils are somewhat rare, and are used lor lubricaung line m.achinery. 
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Typical oily Linseed 



CHAPTER VII 


CLASS II. VEGETABLE DRYING OILS 

Oils containing in general glycerides of fatty acids which absorb 
six atoms of Bromine, , 

'lYPiCAL Oil. Linseed. 

>5 104. These oils are named from their property of forming a solid 
elastic substance when exposed to the air in thin Idyers. This “drying 
power decreases as the Iodine absorption value of the oil diminishes, i.e. 
it is m ratio to the total amount of unsaturated fatty^ acids present, and 
not to the percentage of linolenic acid in the composition. 

Thus Tung oil and Poppy-<eed oil, which appear to contain little or no 
linolenic acid (or other acid absoibiug M atoin-s of bromine) are both good (hying 
oils (A\ing to the large total quantity of unsaturated acids they contain. 

They find their chief use in commerce as the vehicles for pigments in 
paints and varnishes, and to a lesser extent for soft so.ip-making. 

The Iodine Values of these oils range from about 200 to 120. 

§105. Notes on the Analytical Data. 

The important physical and chemical data are : 

(1) Specific gravity. 

(3) Solidifying point fatty acids. 

(4; Refractive Index. 

6 , .Solubility '‘tiuc \’alcnta’')b 
( 8 ) Iodine Value, and itb variants. 

(10'' Siiponiiication value. 

(11) Insoluble Bromide value. 

(14) Acid value. 

(15) Unsapomfiable. 

Of these (1), (4) and (8) are most generally useful, and (11) of greatest 
discriminative value. 

The melting-point (2) is in practically every case below normal 
indoor temperatures ; and is unimportant, except in special cases where 
freezing of an oil might occur. 

For remarks on the Viscosity (f), Polarimeter (7), Elaidin test (0), 
and Reichert-Meissl value (12), see under Marine Oils (page 96 ). 

I See footnote, page 75. 



Ca/yill yEGETABLE DRYING OILS Ilj. 

§ 106 . Perilla Oil. 

. 6liavmet«r« 

Resembles Linseed oil in odour and flavour. 

Pbyiloal and Chemical Data. 


(1) 

Spceine gravity I5'5®C. 

* 9 .W' 

( 3 ) 

Solidifying point fatty a' ids 


( 4 ) 

Refiactive index 40" C. 

J- 47 .LS' 

(«) 

Solubility. Tiue Valeuta 

3 .V.S ' 


y X 10 

So 

4 ‘ 4 “ 


Alcohol reagent 

6 o'o'- 

(8) 

Iodine value 



(rt) Bromine thermal test 
{^) Maumen6 
{( ) Livachc 

12../ 

(11) 

insoluble bromide value fatty acids 

6^^ 

(14) 

Acid •/aluc 



Remarks. 

It is charactcii/.od its very high Iodine value, which is the giealcst of iill 
linown oils. 

Technical. 

Source. 

The nuts of the I’erilla Ocinioides, an annual plant, occuuing in China. Japan 
and E. Indies. 

Content of oil. Ahuut 36 p t rent. 

Ceneral. 

The oil is obtained by cnide n.itive methods ami js usk. in M.incliniia, largely 
for edible purposes. In Japan it is einplovcd a.s an adiiltei.int of lacquer. 
Curiously enough, in view of its huger content of unsat"iatc(l giycendes, the 
oil is inferior as a drier to Linseed. 

§107. Tvpicai Oil. LINSEED OIL. 

I. General and Analytical. 

Character. 

Colour. Pale yellow to hrow'n. 

Odour. Faint, but distinctive. Easily recognized on boiling 
with water. 

Stearjne. None '-epaiates at ordinary Lanperattres. 

Remarks. 

The Iodine Value is the highest in tlu ca.se of the Baltic Oil, 
which is from the pure.st seed. Other grades of oil containing 

^ Rosenthal. ^ Fiyei aUd Weston. ® Wijs. 

* Eihner and Muggent haler. 

F.'’& W. 
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admixtures of other oil-seeds, do not give a maximutn t^lue 

above the following figures : 

Black Sea 182. East Indian 187. River Plate 194. 


Physical and Chemical Data. 



Test 

Average 

figure 

Usual Extremes 

v.iuaiiun^ recorded 

(1) 

Specific gravity at 15*5“ C. 

0*934 

'932 — 937 ■ 930 *-~' 94 l* 

( 3 ) 

Solidifying point fatty acids 

19r 

19''— 20*5" 

( 4 ) 

Refractive index 40" C. (Z. B.) 

73 

72-74 — 

(6) 

Solubility. True Valenta 

47 - 0^3 


(8) 

Vx 10 „ 

Alcohol leagent 62 3^^ 

Iodine value varies accotd- 

“175—200 —205*^ 


{(i) Bromine theunal test 

mg to origin 
(see note) 

31 

30V-32” 


(/;) Maumene 

116 

112-126 103^—145® 

(10) 

(r) Livache 

Saponification lue 

190 

i 89 -n ;4 

(11) 

Insoluble bromide value fatty 

35 

30- 40 60 -68' 

(14) 

acids 

Acid value 

varies up to 

10 , but usually not above 

116) 

Unsaponifiablc matter 

vai !0b from ( 

D'S to 2 per cent. 


The Iodine Value ( 8 ) is the most important test, giving the best 
guide as to the purity of the oil; next in iinporiance are the Insoluble 
Bromide Value (11) and the Livache test (8f), the latter yielding 
information as the nature of the diied film of oil. 

Special Tests. 

None. 

Chemical Composition. 

This is not fully established. Calculated on the amount ot 
Insoluble Bromides yielded by the method of Eibncr and Mug- 
genihaler^ the proportion present of Linolenic acid would be a 1 per 
cent. The solid acids appear to be Myristic and Palmitic acids in 
about equal proportions; total 7 to 10 per cent. The percentage 
of Linolic and Oleic acids is doubtful. 

1 Gill. LfwkowitscV. ^ Pryer and Weston. 

* Thompson and lAinlop. * Maumene. ® Archhutt. 

“ liihner and Muggeiilhalcr. " Walker and Warbiirton. 
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Adulteration. 

, The following oils, being usually below Linseed oil in value, may 
be used at such times as adulterants : 

* Mineral and Rosin Oils. 

Detected by increased percenlagu of iinsaponifiable matter. 
[Shark oil and Sperm “oil” will also rai.se this figure.] 

Rosin oil is readily recognised by its optical activity. 

Rosin 

^ Liebermann-Storch test. Estimated by Twitchkli. method 
(see practical part). 

Adulteration with Marine oils is more dilTi('ult of detection. 

The following two methods are reliable : 

(1) Mki.ting point of Insoluiu.e IjRomidks. The IiLsoluble 

Bromides prepared from Liaseed fatty acids melt at i8o'. 

Those Ironi marine fatty acids darken .it 200*’ but do not melt. In 
the presence of over* 10 [ler cent, of Marine oiks, the bromides do 
not melt to a clear liquid below 180“, and they darken distinctly. 

(2) Mki/j'ing point of Silrol Ack'iatis. Obtained as 
described later on, the crystals of Phytosteryl aceiate fiom puie 
Linseed oil melt at 128*' — 129^. Marine oils lowi r the melting 
point. Marine oils may also usually be detected b\ th(‘ characteristic- 
fishy odour yielded on acidilving the .soap .solm. on obtained by 
saponifying the oil. [This is best done with dilute sul})huric acid.] 
The volatile odoroirs [iroducts of the Marine oils aie in this manner 
rendered more distinct. 

As Linseed i.s frequently one of the cheapest of the vegetable 
oils, adulteration with other vegetable oils is only likely when these 
happen to be lower in price. 

Since all oils (with the exception of Pkrilla) a’. sorb less Iodine 
than Linseed, adulteration will be indicated by a lowered Iodine 
value. Also ; 

Drying Oils. Adulteration indicated by lowered yield of 
Insoluble Bromides. 

, Cottonseed Oil. Hal[)hen test, Titer test. 

Rape Oil. Lower saponification value, 

Increased viscosity. 

11. Techuical. 

Source. 

.The seeds of the Flax plant {Linuw usitaiissimum). 
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Country of production. 
Argentina 
Russia 

United States 

India 

Canada^ 


Trade term of seed. 

Percentage of production 
for 5 years ending 1914. 

River Plate 

31*3 

Baltic and Black Sea 

237 

North America 

20*3 

East Indian 

i6-S 

Canadian 

7 '9 


Content of oil in seed. 

Variable with source of seed and season. Averages 35 to 38 per 
cent. 

Method of obtaining oil. 

As the cake is of great value for feeding cattle the expression 
inethod is normally employed. 'Ihe system used is the “Anglo- 
American” (sec page 213). 

Cold expression is practised in Russia. Cicrinany and India, 
and yields an edible oil of pleasant (lavour and bright golden yellow 
colour. 

Hor EXPRESSION. This is (hielly employed, as the main use 
of the od is for commercial pui poses, ft yields a light brown oil, 
slightly till bid, owing to ulluiminous and extractive substances, and 
to moisture. The yield is 25 to 28 per ct;nt. 

Press cakes retain about 10 [le* cent, of oil. 

Refinement. 

“ (Ireen *' or fresh seed yields more “spawn ” than matured seed. 
'The “s}iawn” or •* mucilage” contains Phosphates of Lime and 
Magnesia. On settlement or “ tankage ” the oil gradually clears with 
subsidence of the impurities. “ d'anked ” oil is purer, and on this 
account more suitable for \arnish making than oil chemically refined, 

A more uMial method, because more lapid, is tlie treatment of 
the oil with i to 2 per cent, of strong sulpluiric acid. 'The oil 
darkens, ard the charred matter carries down the substanees in sus- 
pt^nsion, leaving a clear product, d'he best strength of acid depends 
on the amount of nnusiure and “ s[)aw'n ” present, but is usually about 
88 to i)2 per cent. H.,Sf)4. A good agitation must be kept up, and a 
lead lined ves-^el with me( hanical stiirer is preferable. 

Pi.K\CHiN(; is said to be further obtained l)y the use of zinc, 
calcium and magnesium peroxides, about one pound being sufficient 
to bleach a ton of oil. 


I C.nnad;i is rapidly^mcrc-asing its produrtifin. 

* Last ln<lian oil .sometime^, coniains up lo 43 per cent. 
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Artists* Owls are bleached by exposure to sunlight in shallow 
trays under glass, the oil having been usually obtained by cold 
expression. Oils intended for soft-soap making are improved by 
treatment with a small quantity of caustic alkali ^ A slight bleaching 
aTid deodorising effect is produced by this means. 

Commercial grades. 

Linseed oil being mainly used for paints and varnidies, the 
relative drying ([ualities of the oils from different sources are 
important 'the variation which occurs in commercial oils is mainly 
due to the admixture of other seeds with the linseijd, such as mustard, 
hemp and rape, owing to these plants growing ip the flax plantations. 

The arrivals of Linseed into this country are tested by the “ Incor- 
porated Linseed Association ” (foreign seeds, if oil bearing, being 
reckoned at half value of Linseed). 'I'lie purest seed is the “ Ikiltic.” 
“Black Sea” contains up to 5 per cent, admixture. “ River Plate” 
seed is fairly pure, but the oil therefrom does not e(]ual the best 
Russian, probably owTng to climatic differences. “ haist India” seed 
resembles “ Black Sea” in containing foreign admixtures. 
Properties and Uses. 

Owing to its high content of glyceiides of 111 .saturated acids, 
linseed oil, when spread in a thin film, rapidly ;ihsorbs oxygen 
from the air, becoming transfoimed into a solid elastic substance 
(“linoxyn”). 'I'his product is highly resistant to almost all cheinii al 
agents, and is insolul)le in all oil solvents. 

It is this property, and the brightness and elastichy of the skin 
so formed, that makes linseed oil so valuable as a vehicle for pigments 
in paints, and for varnishes. ['Fhe iiianufacnire and pr()[)erties of 
“Boiled Oil,” and “Lithograjfiiic Varnish” will be described in a later 
section.] 

Linseed oil is also used as an ingredient of “ Putty ” and in the 
manufacture of “ Linoleum.’ It is one of the finest oils for soft-soap 
manufacture, and for this purpose oils of infeiior drsing properties 
are no disadvantage. The oil is now frequently deglycerinated, 
and its resultant fatly <icids employed as soft soap stock. They 
contain from 83 — 94 j) r cent, of free fiRty acids, l.’nii’ve that made 
from Cottonseed oil, linseed oil soft soap does not “fig” (i.e. the 
Potassium salts of the fatty acids do not crystallise ouU in cold 
weather, which fact commends its use in many cases. The oil is 
extensively “ hardened ” by hydrogeiftition with nickel catalyst, and 
the stearine produced is of very fine (juality. 


^ See Cotlonsefd oil. 
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§ 108. OHINISE] WOOD OIL CnTNQ.OlL). 

' I. General and AnalytioaL 
Character. 

The COLOUR is pale yellow to dark brown. 

Distinctive ODOUR, sonicuhat unpleasant. 

StkaRINE none at ordinary temperatures. 

Physical and Chemical Data. 




Average 

Usual 

Extremes 


Tc^i 

figure 

varialioii'4 

recorded 

(1) 

Specific gravity at 15*5° C. 

0-941 

•941- ■•942 

•933 '-■9440' 

(3) 

Solidifying point fatty acids 

37° 



(4) 

Refractive index 40 C 

1-476 



(6) 

Solubility. True V’’alenta 

46-5’» 




Tx 10 

f •Q” 3 




80 

5 h 




Alcohol reagent 

75 - 8 -^ 



(8) 

Iodine value 

166 

0 

0 

I4</— 176* 


{( t ) bromine thermal test 

248 




(/y) Maumenc 





{c) Livache 




(10^ 

Saponification value 

192 

190—193 


(111 

Insoluble bromide value 

0 



(14) 

Acid value usually undei 

12 


(16; 

Unsaponifiable matter ^per cc.it.) 

0-4 



Remarks. 

Highest SPECIFIC GRAVITY of any fatty oil. 

Highest known Refr.utive Index. 

On drying the oil forms an oi’AC)UE and nqn-EI.astic skin. 

Special Tests. 

1. The oil on heating to about 300“ to 310'' C. for about 10 minutes 
IS converted into a stiff jelly, non-fusible, and insoluble in fat .solvents. 

2. Iodine causes also solidification of Tung oil. A 2op.c. solution 
of the oil in chloroform is mixed with .in equal volume of a saturated 
chloroformic solution of Iodine. A stiff jolly is produced after 2 minutes. 

Chemical Composition. 

Tung oil contains a large proportion of the glyceiide of ELEOMAR- 
OARic ACID {see page 48), a stereo-isonicride^ of i.inolic Acid. Fahrion 
states that it contains 2 to 3 p.c. solid acids and lop.c. oleic acid. It 
yields no insoluble bromides and its drying properties are therefore due to 
the large amount of “ teira” iinsaturated fatty acid (elcomarganc acid). 

The solidification of Tiing oil on heating is almost certainly due to polj« 
merisatlon^ of the glyceride of this acid^. 

1 Nash. ' Chapman. ^ Fryer and Weston. 

* See chap. HI, page 45 on stcrcjisomcrism. ® See pjige 23 on polymerisation. 
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Adi^te]^atk>xi. 

The value of Tung oil is m;«inly ruled by Linseed* oil. Wlien the 
litter is high in price, Tung oil may be adulterated with cheaper oils. 

For the detection of Mineral oils, Rosin oils, Rosin and Marine oils, 
see under Linseed oil (page 115). One of the most likely adulterants 
would be Soya Bkan Oil, as this is a proiluct of the same cr)untry. 
Examination here would reveal lowered specitic gravity, Refractive Index 
and Iodine Value. For the tletection of small quantities of other oils, 
Bacon's Test is recommended. 

BMon’s Test. 

Into four test-tubes of equal size place equal volumes of: — 

1. Pure Tung oil. 

2. ,, ,, with 5 per cent, of vegetable oif (e.g. Soya l*enn oil). 

3. M M with 10 ,, „ ,, 

4. Sample to be tested, 

“Immerse all four tubes in an oil bath at a temperature of 28s C. lor g minutes! 
Remove tube.s and stall jelly formed with a bright spatula. 

Pure oil gives a clean hard cut. 

- With 5 pel cent, of added oil, the cut is softer with iVallieied eh’eet. 

With 10 per cent, of added oil, the jelly is softer still, and ovei 12 per cent, 
will prevent gelatiiiisation altogctiier. 

StilUngia oil is detected by its optical activity. 

II. Technical. 

Source. 

The seeds of Aleunies Cordafa^ contained in a nut, .md growing in 
China and contiguous countries. (A similar tree is n Uivc to Jajian, and 
yields the Japanese Tung oil, slight’y varying from the Chinese oil.) 

Content of Oil. 

About 53 per cent, in seeds. 

Method of obtaining Oil. 

Crude native methods are still in vogue. Wooden presses me used. 
The COLD PUKSSKD oil is light m (olour and is mainly exported. The 
oil expressed hot has a very dark cnlour. Tin; seed'- are roasted ovci a 
naked flame and ground between stones piior to expression Yield about 
40 per cent. The oil cake is poisonous, and is used as a fertiliser. 
Reflnement. 

.No refinement is undertaken except the settbunent and filtration of 
. the oil by the merchants who collect it from native souices. 

Commercial Grades. 

The cold pressed “white tung oil ” (mainly exported) and “ black tung 
oil,” which is hot pressed. 

Properties and uses. 

The oil is an important substitute ^for x^inseed oil w'hen the latter is 
high in price. At other times exports of Tung oil to Europe show a large 
^ falling off. In the year 1906, nearly 29,000 tons were exported from 



120 CLASSIFICATION OF OILS, FATS'" AND WAxfes '5 IV 

Hankow. It is the quickest drying oil known, but is inferior to Linseed 
oil on account of the opacity and inelasticity of the skin produced. 

Used in China as a natural wood-varnish and waterproofing material. 

§ 109. Candlenut Oil. 

An oil olitiiined from the seeds of Aleuntes mohucana, a tiee covering large 
ureas in the western tropics. The fruits resemble nuts The oil is obtainable in 
veiy large quauliiies and is suitable liolh for paints and varnishes, and as a 
soap-making oil. It has purging propcities. 

Data: 


(1) 

Specific gravity at 

•925I 

(3) 

Soiidilying point of fatly acids 

i.rC.2 

(4) 

Rcfiactixe Imlex ('/. 11 .) 

657' 

(«) 

Iculine \alue 

164 ! 

(lOl 

Sa{»onification value 

193 ^ 

(11) 

Insoluble llromidc value 

i»i -2 — 

(15) 

Unsapomliable (per cent.) 

0*5 — 1 '0^ 


§iio. Hemp seed Oil. 

The i'il is obtained from Hemp seed {Cannabis saiiva] cultivated in Western 
Europe, X. Amcnca, India and It has a greenish colour, and has been 

used extensively foi the nunutaclure of gieeii soft soaps. Il is also suitable as a 
paint oil. 


Data: 




(1) 

Specific gi.av ay at 

• 927 -= 




(3) 

Solidifying point of taU\ ac U 

ifi ^ 




tS) 

Iodine \alue 

i4iS^ 




(101 

Saponification value 






§111. Walnut 

Oil. 



Obtained from the eoiimion waliial ( ///; 

nr//} wbicli contains over 


pci 

cent, of 

Oil. The colli pu^s.•d oil Ims 

an agieeable taste and odour of 

w ainul 

s. Hot 

pressed, it isgiccni-h m colour 

with an aciid flavour. It 

is used 

as 

an 

.irtist’s fi 

111, it’.e jMint so madf hiving h 

•-.s lou'h'ticy lo tiack than 

in the 

ca' 

.e 0 

{ lin-eul 

0,1, A'fii'tfr.uioii wuh 1 111-'- ( 

1 oil is indicated by liigh 

Iodine 

va 

hif 

and a hi 

gh viL-ld of Insoluble' Ihoinidcs. 




Data : 






(1) 

Specific gi.iMiv at i5'5''C. 





<3) 

Solidibmg point of f.Uly .iculs 

16'^ 




( 4 ) 

RcfiacUve Index (Z. 11 .) 

65 to 67*5 




tSi 

Iodine value 

1 40 tej 150 




(lO) 

Saponification value 

* 9.1 ‘ 9 ^ 




(16) 

Unsaponi liable mailer 

0*5 to i per cent. 



Lewkowitsch. 


iJt Negri and Fabiis. 


^ Chateau. 
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§ 112. SOYA BEAN OIL, 
General and Analytical.' 

Character. 

CoiXJirK -i)ro\vn; blena hcrl oil \(j1I(jw. 

Ol)(3Uk— .slight, .somewhat distinctive. 

STKAKiNE -nonc at ordinary temperatures 

Special Tests. 

None. 

Physica; and Chemical Data. 


12t 



*i\*s t 


Us 

D.ll 

(1) 

Specific gra\tty 15-5" C. 

liRurc 

•925 • 

v.iri.i 

*924- 


( 3 ) 

Solidifying point fatty acids 

21-6 


y-u 

( 4 ) 

Refractive mdev 40" C. (Z, li.) 

63 



(6) 

Solubility. True Valciita 

53-3' 




Fxio 




80 

67^ 



( 8 ; 

4^l(.ohol reagent 

67 o ' A 



Iodine v’^alue 

130 

126- 

- 1 ^ s 


{a) Bromine thermal test 

23 



{b) Maunicini 

90 

88 

92 


(c) Liv.i^he 



(10) 

Saponification value 

192 

J 90 


(11) 

Insoluble bromide value 

7-8 


*9- ‘5 

(14) 


K and M. 



.\cid value 

0-3 

seldom ovi'i- 

<16) 

Unsaponifiable (per cent.) 

0-6 




Evtreme', 

tt'conled 


Chemical Composition. 


According to Matthes and Dahlc^*. it contains- 
I'almitK .ykl ,5 percent. Linolu „1 to per o-nt 

)lei( A( id 56 ,, Linolenic A< id about .ftS 

Adulteration. 

Not connt.only practised Tl.ere i.s nsnnily Imie mdneentent oui,,.. 
to the value hem- normally lx.loiv that of olhu M-ed o,|., (-,„lon seed 

IS readily detected by the II.vm-hkn reaction, and Lins. e<l bj hs nK,ea.se f 
Iodine, and lusoliible bromide values. 

II. Technical. 

Source. 

The .Soya Bean (Gly.ine hisfii.l., a„d laii. tiest is native to China 
Manrhtina and J.ipan, and the plant is heinp l ultivatod in other countries’ 

men,?!: ’ 

ments of the beans have been madetm recent vimi s. 

* Fryer and Weston. n ,i,.ch,v. /»„/«. ,yu. 



Content of Oil in Seed. 

About 1 8 per cent. 

Method of obtaining Oil. 

Native methods are very crude, but the yield of oil is good, the oil 
being expressed in wooden presses for a prolonged period. Prior to 
expression, the bean is soaked and cruslicd in water, and then boiled 
with water. Yield about 13 per cent. 

Modern machinery involves the use of Anglo-American presses \ and 
the yield is about 10 per cent. 

During periods of high prices for cotton seed and linseed oils, soya 
bean oil is extracted with volatile solvents, a greatei yield being thus 
obtained. 

The cake after expression is a very valuable cattle food, being indeed 
esteemed higher than cotton cake, on. account of the apparently increased 
amount of cream in the milk of cows fed with it. The extracted meal is 
unsuitable for fodder. n 

Refinement. 

The crude oil is frequently refined by means of caustic soda, as 
described under Cotton seed (page 126). This is especially the case 
when It has been obtained from ‘'otT” seed. 

Fcji.lkr’s Earth is used for bleaching the oil for edible purposes^. 

The oil is also bleached by means of Chlorine, using e.g. Diohromate 
of Soda and Hydrochloric Acid. 

Properties and Uses. 

The oil became popular as a soap-making luntcnal at a time when 
Cotton seed and Linseed %\ere high in price. It is an ideal oil for soft- 
soap manufacture, having all the virtues of Linseed oil, and yielding a 
soap of a firmer texture. 

The oil is now used in large quantities as an edible oil. It is also 
“boded” for use in paints, usually together with linseed oil, and can be 
employed as a substitute for the latter in “linoleum,” 

On deglycerination, the soya bean fatty acids arc usually gieen in 
colour, yielding however a yellowish brown soap on sajionification with 
alkalies. 


§ 113. POPPY SEED OIL. 
I. General and Analytical. 

Character. 

kale stiaw to golden yellow COLOUR. 

Odour scarcely noticeable. 

Good oil has a pleasant I LAVOUR. 

Stkakine none. 

* Sec page 21'’. 

* Use of Fuller's Earth, see page 218. 



cSiVRfc VEGETABLE DRYING OILS ji2:^ 

SpMlRl Tests. 

B^Uier*s test for Poppyseed nil in Walnut oil. 

Chemical Composition. 

Probably Solid Acids 7 per cent.* Linolic about 6? per cent.‘^ 

Linolenic under 5 per cent.^ Oleic „ 30 ,, 

Physical and Chemical Data. 




Aver.ige 

U su.tI 

Extremes 


Test 

figure 

variations 

recorded 

( 1 ) 

Spccitic gravity at i5’5''C. 

•925 

924- 


( 3 ) 

Solidifying point fatly acids 

16 

i5-5'^--i6“ 


.( 4 ) 

Refractive index 40' C. (Z. B.) 

03-6 



( 8 ) 

Solubility. True Valenta 

53*0 " 




Px 10 

6-8^ 




80 





Alcohol reagent 

67-0’^ 



( 8 ) 

Iodine value * 

134 

L 3 J- *37 



(cr) Bromine thermal test 

22 

22— 23 



(d) Maui^ene 

87 

86—88 



(c) Livache 




( 10 ) 

Saponification value 

192-6 

191-195 


( 11 ) 

Insoluble bromide value 

nil 

— 

— 

( 14 ) 

Acid value. 

1-6 

Not usually 

over 20 

( 16 ) 

Unsaponifiable (per cent.) 

0-6 




Adulteration. 

Sesamd Oil is most frequent: shown by the Baudouin Test (see 
practical part). 

Other dryin<? oils by Insoluble Bromide Value (negative nitli I'oppy- 
seed) Cotton by Halphea reaction. Sec also under Linseed Oil f 

II. Technical. 

Source. 

From the seeds of the Opium l^oppy {Papaver sonnifentm) giown in 
India, Russia, France, Asia Minor, etc. 

Content of oil in seeds. 

45—50 per cent. 

Method of obtaining oil. 

The oil is twice expressed, the first treatment being “cold drawn.” 
Yield about 38 per cent. This oil is pale golden yellow, and is the 
“white Poppyseed oil” of roninicrce. 

The second (hot) expression yields about 3 per cent, of a recldidi oil. 

Refinement. Sun bleached lor artists’ use. 

1 Tolman and Munson, Jour^ Amencan Chem. Soc. 1903, 690. 

2 Iliuura and Grussner. Fryci aiul Weston. 
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Properties and Use. 

The best qualities are u^ed as salad oils and for adulterating olive oil. 
It is largely used for the preparation of artists’ paints. Only the 
lowest qualities are available for soap-making. 

§ 114 . Nigerseed Oil. 

This oil .iccasionallv hccoule^ available on the English inaiket. It is obtained 
from Txo]^icc^\ Africa/and is golden yellow oil of pleasant odour and ilavour. 
Iodine value i2S^- 1.^4. True Valenta 54^ „ . , 

L^eil as an edible oil, and wlien cheap, as an evcellenl soil soap-making oil. 


§ 115 . Sunflower Oil. 

From tlie seeds of the comm<.n Sunllower, largely cuUivalLd in Russia. China, 
lIuivMiN and India. The seeds contain nearly 50 pei cent, of oil, winch ha, a 
golden yellow colom and pleasant Ilavour. The cake is a valuable callle food. 
The oil is largely used in the counliie-. of oiigin for edible i^irposes. Mot pre.s.sed 
oil IS acid lefmcd, in a shniku maiinei to Linseed oil (q.v.). iodine value about 
130. Tiue \ aleiita 6ro . 



THE VEGETABLE SEMI. DRYING OILS 


Typical oil. Cottonseed (p. i2cS) 



CHAPTER VIII 


CLASS III. VEGETAHLE SEMI-DRYING OILS 

0 //s toufaittin^- notable proportions of veer ides of acids lohich absorb 
4 atoms of Bromine^ and only small amounts {if any) of y/ycerides of 
acid.s absorbing 6 atoms of Bromine, 

"I vintAL Oil. Cottonseed. 

§ 116. The Iodine Values of the.^e oils ran^e approximately from 
AF.our i.’O TO loo. They form an mici mediate class between the drying 
oiL and the oils which ha\e no dr\ mg properties at all. This is shown by 
the fact that they form a skin when exposed to the air at temperatures 
abo\e the normal. 

The impoitant physical and chemical d.ita ate: 

T' Sped tic gravity. 

• 3 ^ Solidifying point of fatty acids. 

^4) Refractive Index. 

[ 5 ) \’iscosity. 

( 6 / Solubility (“true Valenta”)'. 

■ S' Jouine X’alur. 

tlO; Saponification Value. 

<14 Acid Value. 

vl 5 ) Gnsaponifialjlc matter. 

The most important determination is the Iodi.m. Vm.uk (8). 

’I he oi’TK AL ACilvii Y lb virtualh negative as in tlie case of the 
drying The Klaidin Tlsi ,9, \iclds a product of hl i iekv con- 
sistency. rhe INmu UIW.K Bkomide ValuI' , is negati\e in all rases, 
and a-? the propoition of gl\fcndes of fatly acids of low molecular weight 
is ver\ small in fresh oils, the Keicheit-Moissl test (12; is useless for 
disc riminative jiurposes. 


^ 117. MAIZE OIL. 

I. General and Analytical. 

Character. 

( nr, OUR golden yellow. 

Flavour and Gdour- distmetiv.. ; retains that of the Indian Corn. 
“ STEARINE”— slight yield at ordinary temperatures, 

* See foulnole, page 75. 



tECiSf ABLE SEMI-DRYING OILS ll/i; 

Pliysloal and Chemical Data. 



Test 

Averaye 

liyiiie 

Usual Extremes 

vanaiion lecordcd 

(1) 

Specific gravity at 15*5'' C. 

•025 

921 - 9^7 

(8) 

Solidifying point of fatty acids 

18-5° 

18"- -k/ 

( 4 ) 

Refractive index 40° C. (Z. B.) 

60-3 

59-5- 60-5 

(8) 

.Solubility. True Valeiita 



(8) 

Fx 10 

Alcohol reagent 

Iodine value 

8-5' 

68-0^ > 

119-2 

115-125 


{n) Bromine thermal test 
{S) Maumenc 

21-5 

82 • 

79 - S6 

( 9 ) 

(f) Livachc 

Elaidin 

buttery 


(10) 

Saponification ^alue 

191-6 

190-193 

(14) 

Acid value 

6 

“old pr( ccss oil” high 

(IS) 

Unsaponifialile matter 

1*6 

[up to 30 per oent.J 


Remarks. 

The old figures obtained for Reichcrt-Mcissl and Acetyl V'.iliies were due 
to decomposition of oil during Icrmentation of the seed, ’fhe rnsanoni* 
fiable matter high on account of the lecithin- contained in the oil. 

Chemical Composition. 

Solid acids, probably Palmitic and Arachidic apparently about 7'5''' per 
cent. ; Liquid acids, a inixtuic of Linohc and Oleic. 

Adulteration. 

Cottonseed oil only likely adulterant (when cheaper in price). Detected 
by HALl’Jih-N I'L.ST (see later section) and incieaseu 'I'l'i 1:1-1 (3) 

Source. Technical. 

The ‘ germs” of the Indian Coni {Zea Mais). 

Content of Oil. 

Dry germs contain about 53 iier cent. oil. 

Method of obtaining Oil. 

The oil i.s a bye product in the production of starch. FontiPi Iy it was 
produced in alcohol distilleries. Owing to the t'-rmentaiion, a very dark 
acid oil was obtained. 

The present method consists in 

I. Malting. 2. Crushing. 

3 Freeing the “Germ” from staieli by washing uith water and 
straining. 

4. Germs expressed in oil presses. 

Yield from dry germ 40 per cent. 

The cake is utilised as fodder for cattle. 

\ Fiyer and Weston. ^ .See page 14. 


^ Tohnan and Munson. 
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Refinement. 

Unnecessary in most cases. Dark qualities are ALKALI relined. (See 
Cottonseed oil, 130.) 

Properties and Uses. 

On account of its too-distinctive fl.ivour, it is mixed vvitli other oils for 
use as a salad oil and in the preparation of margarine. It is an excellent 
oil for soft soap-making. 

§ 118 . Kapok Oil. 

From scc<ls of tree;, relatcil to the cotton plant which arc very ahiindant in 
tropical legions. 'I'hc oil give'' the characteristic Halphen tesi for Cottonseed oil, 
hut is said not to respond to the Becebi test. Iodine value 1 1 1— -no. Other data 
very clo-.e to those ol Colbui^cul. Sold in pl.ice of latter and in adinixliire with it. 

§ 119. 1 Yi iCAL Oil. COTTONSEED OIL. 

1. General and Analytigal. 

Character. 

Colour, ('rude — nil)> ud. Refined -goldqn yellow. 

OduUR and fla\our. Somewhat pronounced and distinctive. 
Odour veiy distinctive on acidifying saponified oil. 

Stfarine. I Icposits fair amount. Winter" oils are destearinated. 

Physical and Chemical Data. 





UmkiI 

J'Atiemes 


'IVst 

hum- 

\ in ill' HI' 

icuiiulud 

(1) 

Specific gravity at 15 5 C 

•923 

\) 2 i 'VJb 


v3; 

Solidifvmg point faltv .icids 

35 

-37 

natural oil 



jj •» 

28' 

28 - 28 5^ 
winter oil 


(4)- 

Refractive index 40 C. iZ. B. ) 

68*5 

5^1 59 


,6) 

Soluljihtv. True \ 'alenta 

59'5 ‘ 




Tx to 





80 

7 - 4 * 




\l< ohol reagent 





Iodine value 

110 

105 -1 12 

101^ 120^ 


,, iujuid fait) acids 

— 

147 - -13* 

141^ - 


(a, Bromine tlieimal test 

19-4 




Maumend 

78 


75''-90*^ 


U , Livache 24 hrs. exposure 

6*9 



^9} 

Klaulin 

butlci y 



10; 

Saponification value 

193 

192 -194 


(l^J 

Acid value 

usuallv not 




over 0*5 



:16) 

Unsaponifiable *' 

•9 

07 -17 


» Fr> 

cl anil Wcslon. " Wiley. ^ 1 / 

.v\ku\vilst.h. 

‘ Bonier. 

Archbutt. 
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The most*m))ortant tests for the recognition of Cottonseed oil are 
the Titer test ( 3 ) and Iodine value of liquid fatty acids. 

Special Tests. 

1. flalphen test — crimson coloration. 

2. Nitric acid test — coffcc-brown coloration. 

3. IJecchi test — darkening occurs. 

Note. 'I’hc Ifalphen tc'st is given by Kapok oil, and is nmdered 
negative by heating the oil to high tenqjeratures. It is also not given 
by a hydrogenated oil. Animals fed on cottonseed cake yield an oil 
or fat giving this la action. 

Chemical Composition (see remark s*on Lard, page 164). 

Solid aeids 20—25 per cent, consisting mainly of Lalniilic ac'id 
(little Arachidic?)h 

Liejuid acids, proyortion not yet agreed. Trohably about 30 per 
cent. Tanolic and remain<ler Oleic. 

Adulteration uiK'ommon. Linseed oil is deU'cled hy higlier 
Iodine value and T^nsoluble Ihomide value. Soya oil also gives 
small yield 11 e.\a bromides. Mai/e oil adulteialion is difficult to 
detect. K\peiLs ('an tell by the Ilavotir 
II. Technical. 

Source. 

The si'cds of the cotton {)] mt ; several s[)ec)es of Gossypiiim. 

Countries of Origin. 

United States, Lgypt, Sea Islands, India (Homiiay) and Levant. 

Soiutj sood IS also jinuliuc'l in South Aniciica, Russia and We.sl Aiiua. 

Content of oil in seeds. 

About 20 per rent. 

Method of obtaining oil. 

Kxpics.sion in hydiaulic ])iessi‘s is tile univei'al lule owing to tin* 
value ofc'etlon ('ake for catile fodder. 

The cotton seed is covered with the well-known woolly hairs 
constituting the raw cotton ’. In the ease of l\u)[)lian and S a Isl.ind 
seed, this is fairly easily removed from the seed, but the American, 
Levant and Lombay varietie.s retain the fibres so len.u eously that 
the S(;ed.s cannot be entiiely heed from them. 

On tins account, Anuaican, Levant, and I'aist Indian seed is 
‘‘decorticated”- tliat is, the husk or “hull” is removed— previous 
to ex[)res.sion. 'The machine for this purpose is termed the “huller” 
(see illustration I'late XII). The brills and meats arc then separated 
one from the other (see Llate VUl) and the meats picssed for oil. 

* Sec V. J. Meyer, Chem, Zat. 1907, 794. - Sec Plato VIL 


F. & VV. 


9 
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The Egyptian and Sea Island seed is expressed in the same manner 
as Linseed, after removing adhering hairs in a “delinler” (sec 
Plate X). 'rile seeds are made into meal in ‘crushing rolls,’ cooked, 
and expressed once in a press of the Anglo-American type (see 
page 213). 

'The press cakes contain about 10 per cent, of oil, v^'hich is 
intentionally retained owing to its value in the cattle cake. 

As tlie kernels contain a reddish hrown colouiing matter, the 
crude oil, after expression, is of a di-ep ruby red colour. 

Refinement. 

'The crude oil is usually refined in the mills. This is accomplished 
in a very simpU' manner, but one which riapiiies great care to prevent 
loss. The (’rude oil is warmed, and then agitated with a dilute 
solution of caustic soda in sufficient quanlity^only to combine with 
th(i colouring matter and with the free fatty acids. .Samples are 
taken, and when the\ show (on .1 pie(.e of glass) a distinct ‘‘ break,” 
i.e. scpaiaiion between the oil and soda liipfor, the agitation is 
stopped. 

Tlie soap fr'i'iiK'd hy th.e inltractioii of the free arid and the 
causlK' caiih's down with it practical!) all the eolounng matters, 
forming a thick residue (“toot->” or “ miK'ilage ’') and lea\ing the 
siipernatiuit oil of a yellow to brownish ) How ( oloiir. 'I'lu' “loots” 
which coni.iins oil ent.ingled by the so.ip. is either made into soap 
stock, b) saponifying and “ cutting " thi‘ so.ip with exc ess of alkali, 
01 is acid treated, and the separated bl.u k oil di.stilled yielding fatty 
acids of light coloui which are [iressed for “sti aiine” and “oleine.” 

d'he ('otton oil is then washed, and, if intended for edible 
purposes, is bleached with Puller’s Ivirth’, a rluMnical bleach being 
unsuitable. (lil for industrial pui poses is bleai'hcd with bleaching 
pow'der and siilphune a('id (see [>. 223). 

Commercial Grades. 

'J'he ( nid' oil and the r< lined oil .ire graded in America as 
‘•('hoice,'’ “Piime” and “Off,” the latter being sold on sample. In 
this (’ountry, oil is (pifUed on the market as ‘‘('rude,” “Refined” 
and “Ordinary I’.ah.” 'I'he lalti r is the so.ip-m.ikmg guide. 

“Winter Oils” arc prepared hy separating the solid fat, which is 
thi-n known as “cottonseed stearine.’’ 

Properties and Uses. 

Cottonseed oil, originally (.m[)1oye(l mainly as a soap-making oil, 
has been increasingly utilised lor a raw m.in rial for edible prepara- 


1 See [oge 2 i 8 :infl Plate .\.\\\ll 
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tions, such as margarine, cooking fats, salad oils, etc. On this 
account, its price has in recent years been miK'h against its use as a 
soft-soap making oil, and tiu* advent in the year 1908 of Soya Lean 
gil, contributed towards tliis result. As a liard-soap making oil the 
use of the lower grades is still })robahly as great as ever. When 
“blown,” it IS employed as a lubricant. 

^ 120. SESAM^I OIL. 

I. General and Analytical. 

Character. 

C(Jl.OUK, light )ellovv. ()l)()irK, \(“ry faint. 

El.AVotiR, l)cst oils ]deasaiU iiiiUy. 


“ 

.STKARlNh," \(Ty small at ordin 

ary tempe 

ratures. 



Physical and Cl^emical Data. 






\\ < r.nj;<j 

l M 

i.'ii 




ll (11 o- 

\ai i.i 

tlKHs 

. tr. . 1 d<al 

(1) 

Sp('('ifi( gra\ity^at i5‘5'C. 

•923 

•(r> 

'UJS 


( 3 ) 

Solidifying point of fiii\ acids 

23 

22 

2 A- 


( 4 ) 

Refractive index 40 C'. tZ. H.) 

60 

S'r 5 

( l( ) 

40*6 ' — 






Ail lean 0 

( 8 ) 

SoJuLiilii) . 'flue Vakmt.'i 

70 0 - 





Vx \o 

8 7 “ 





80 






Alcohol icagenl 

68 5 “ 




( 7 ) 

I’olarimct T ('^oo mm.^ 

+ 1-2^ 

+ •8’ t. 

)+ 1 6 


( 8 ) 

Iodine value 

105 


1 10 

- M ; 


(c/) bininiiio thermal t(“il 

23-5 





(h) \laiimenc 

64 

''fi - 

^^5 


( 9 ) 

Elaidin 1 

eddish bi< 

• A ll s( mi-h(jind 


(10) 

Sa pom lie ation value 

192 

188 

193 


( 14 ) 

Acid \ .due 

5 

v.'ii le 

s nith [ 

.;iadc 

( 16 ) 

Unsa]jo.jiiial)Ie m, liter 

10 

0*8 

-1 2 



Special Tests. 

If'uidouin test gives enrnson coloiir.ition of le'.i iic[iud. ^i.udincd 
(“ hydrogenated ‘ lats give ivaetion only fiimly*. 

Chemical Composition. 

j Solid Acids about 12 [ler t cnt. 

Lane"’ finds - Linolic Acid „ 16 „ 

t Oleic „ „ 7 ’ « 

Tlie unsaponifiahle matter consists of ldi\ toslerol, sk^^aMIN a resinous 
body melting at iicS", .ind a brown oily body gi\ mg the characiei istic 
Baiidouin colour reaction. 

^ WcigiiLM'. - I'lyei ami Weston, •' Shukotf 

* Paal and Roth, Bcnchlc lyoy, 15^0. Jour. Soc. Chan. I ini, lyoi, 10S3. 
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Adulteration. 

Poppyseed, cottonseed, aniehis and rape oil are likely adulterants. 
Best tests are: Poppyseed, Iodine Value; Cottonseed, Titer; Arachis, 
Aiaehidic acid test ; Rape, Saponiliration Value. 

IL Technical. 

Source. 

Varieties of the j^enus Sesanmm yield a fruit containing numeious 
small black or white seeds, the latter \ielding the finest oil. 'I’he best oil 
IS obt.'iined from the Levant vaiiety; but the gieatest quantity oi seeds 
is produced in India, China and Japan. 

Content of oil in seed. 

50—57 per cent. '* 

Method of obtaining oil. 

If the seed is in good coiuiiiion, it is expiessed. Unsound seed, and 
rejected cake is extracted with solvents, usit.iUy Petroleum Klher or 
Carbon Disulphide (sec page 215). The seeds containing a large per- 
centage of oil, are pressed two or three times. 'I'he first expression, in 
the cold, \ields the best oil. Second and third expressions of the cooked 
s('cd \ leld lower qualitu’s. 'I he press lor the first expression is ol the cage 
t\pe .see page 2I3\ .Suhsc(|\iciit expiessioiis are usual!) made in the 
.Anglo-American t\pe 

The cake contains about 9 per cent, of oil, and is largely used for 
cattlt' feeding. Kxtrai ical 'm at is only suitable fur mamiie. 

Refinement. 

The cold expressed oil after filtration ;s suitable for iisc. Lower ([ualitic.s 
ate bleached m the usu.d way for soap-makmg (.litelly at Maistilles. 

Properties and Uses. 

.Sesame oil is rhietlx employed as a constiiiient of ediblt* fats and as a 
salad oil. In (ieimain and Austria the use of lopei cinU. and in Belgium 
of 5 per (cut of S( same oil (computed from the total fatty matters 
nresent) is obligatoiy m niaigai.ne m order to afford a read) means of 
reiogniti'Mi by the Ikiudouin Test. Ibis ai i onnts fui a l.ngt' quantity 
ot oil. Lowei qii. dines aie med for soap-making, espn lally in France. 

§121. Croton Oil. 

Tins IS :in oil o]»!.ain< <l Iroin China and S«julhci u Asia possessing very powerful 
jn:igaii\e prop. iiie-.. It has .1 siiong, dis.agree.ihlc oilom , and huniing taste, and is 
i;-L<l e\elu>i\ely lor phai’iiai AUlKal puiposcs. It is siatul to roiiiain Valeric and 
l’ait\ru acids as glyceridts. and goes a Keichcit-Mi i-l \ aliie o! 12 -i.p The 
p'lrgaloe proj«:-ity di'-.ip[.i ais on “ h)diog«. n.iliiig '. ’ 1 lie Iodine value usually 

\ uu> irom 102—104. 

§ 122. Curcas Oil. 

Dhiained from the “Purging nu'.” of South Anicnca, and like Croton oil 
possesses powerful puigalive* prijnitios. It has a chaiaefeiistic' an<l uiipleas.iiil 
odour, and is used ax a ^oap-mal.lng oil. Iodine \.due 9!^ — lOO. 

* Hern hie 1909, 1546. 



THE VEGETABLE NON-DRYING OILS 


1. Rape Oil Group 

2. Olive Oil Group 

3. Castor Oil Group 



CHAPTER IX 


CLASS IV. VEGETABLE NON-DRYING OILS 

c/i(U\icU'nst'(i by the prcponderantt' oj y^lyicndcs ot acids abs'orbini( 
2 a/ims of bi online to the practical c.vchi.sion of less satin ated fUty acids. 

^ 123. At elevated temperatures tlic^c oils thicken and become 
more \iscous in consistence, but they do not dry to a skin in the air 

even after piolonj^cvl exposiiie. On this account they .11 e all highly 

suitaldc for use as lubricants, as they have liltlb tendemey to ‘gum.’ 

'I'he loruNE vaI-EKS range from about too 'ro 80. dhey form 
themselves into thiee well-delincd groups (of wli^h however the last 
consists only of one meini)er of importance;. 

Group 1 . Ka])e oil gioup. Cliaracteiistic acid Eiucic. 

Group 2. Oliv e oil gio'.ip. „ „ Olei''. 

Groups, C'a'^tor oil gi oup. ,, ,, Kicmoleic. 

The important chemical and phvsical da’a uc: 

( 1 ) Specific gravity 

( 3 ) Solidifvmg point fattv a( ids 

( 4 ) Refrar tive mde\ 

(5} Viscosity ^especially groups i .uul 3) 

(6) Solubility* (especially giuups i and 

( 7 ) Polarimeter (gioup 3 only) 

(81 Iodine value 

( 9 ) El.iidin 

(10 .Saponifuation vahu' I'esperially gioup l) 

( 13 , Acetvl value gioup 3 only) 

iT 4 ) Acid value 

; 16 ) IJnsapondiable matter. 

^ 124. Group 1. Rape Oil Group. 

Tm'ICai. On.— Rape On.. 

As pif'viotisly stated, the oils of this group are all characterised by 
the piasenre of the glyfcrnle of erucic acid (page 47). As this acid 
contains 22 atoms of caibon, as distinct from almost all the other 
oils Avhuh toiitain acids having t 8 or lessiarbon atoms-; the mean 
molecular weight of the mixed fatly acids is higher than normal, and 


' .Sec footnote, page 75. 


See however .Vraehis (»il, ami some laitr oils. 
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consequently the saponification value is lower than normal. 

The determination of this figure is therefore the most important test for 
the oils of this group. 

These oils are all obtained from plants belonging to the natiiial order 
^ITuciterae (cabbage family). 

§125. Ravison Oil. 

This oil is from a wild variety ot i.ipe seed, also called “ iila''k Sea ra])e.’’ It 
is extracted from the seeds by \<datile sohenls, and owing fo it'^ liigliei iodine 
value (loi 120) 1^ not so suitahle as a luhi leant as liuo lape fnl. 

§ 126. ’rvi'icAL Oil. RAPE OIL (Coi./a Oil). 

1. General and Analytical. 

Character. 

CoLoUK Light yellow and dark brown. 

Odour Wcdl known and distinctive. 

Klavoiik Rougli and harsh, except finest qualities. 

S'l'KARiNK -An ai)[jreciablc quantity sepaiates at ordinary 
temperatures. • 

C ON S 1 S r K N C Y — S(^.0 U S . 

U-'U tl L>ti< UK -v 

'9LS5— ' -7 

C' -bo 


97 105 

17 20 

55 'T 

170 -177 167 - 1 78 7" 

(14) Acid value not usually ex'^eeding 4 

(15) Unsaponifiablc **76 o'5 — 1*0 

Remarks. The viscosity figure (highest known except Oastor) 

as well as the saronification value is important as a lest of purity. 
Tlie Valknta is an excellent sorting test. 

The Insoluble Hromidk test distinguishes it from the other 
non-drying and most of the semi -drying oils. 

1 l''»>er and Weston. “ Crossley and Le Sueur. 


' Physical and Chemical Data. 



Te^l 

\v. 

ii^me 

a) 

Spi'cilic gravity at I5'5' C. 

•9155 

(3) 

Solidifying point fatty acids 

12*5 

(4) 

Refractive index 40’ C. (/. I>.y 

59 

(6) 

Viscosity r;XIOO (iS's'C.) 

112 

(0) 

Solubility. 'Frue V.denia 

1 io\f‘ 


Lx 10 

80 

13 - 8 ^ 


.A.lc ohol reagent 

83 - 5 ''' 

(8) 

Iodine value 

100 

9?) Bromine thermal test 

18*5 

(10) 

(//) Maumene 
(c) Livache 

Saponification value 

175 

(11) 

Insoluble biomide value 

2-3 


^ Kollstorfer. 
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Special tests. 

Tortkixi and Kortini’s method for detection of rape oil in 
mixtures depends upon the presence of the solid unsaturated fatty 
acid (f>ucic) in rape oil. ^ 

Chemical Composition. 

Archbutt obtained from *5 to 1*6 per cent, of a saturated acid 
(probably Arachidic). Rapic acid occurs as well as the characteristic 
Krucic acid, and probably a small percentage of Linoi.knic or 
similar acid, since an insoluble bromide value of about 3 per cent, 
has been obtaini'd by Helmet and Mitchell. 

Dieruciii often occurs in ciiuic R.ipo oilf ilioii|^h not in refined oils. “ Huissi- 
castciol” Is staled to <iccur in the unsaponiliable ni.uler. 

Adulteration. 

Likely adulterants ma) be (according to market values of oils) : 

LinskI'D — I odine value, viscosity, insoluble bromide value. 

CoiToNSEFD— Haltdien test, solidil)ing point^falty acids. 

Mineral Oiis and Rosin Oils — Unsaponifiable matter. 

The viscosity is a good test of jniriiy. 

Adulteration with the allied vaiieties, Ravison and Jamba oils, 
may be praetistal and is next to im[)Ossib1e to detect by chemical 
means 

11. Technical. 

Source. 

h'roni the .seeds oi Hrassica Campestris, t>f whn'h theie .ire several 
varieties. 

Idle {)lant is cultivatid largely in Lurripe, and imported seed is 
obtained from India in huge (piatititus. Oil is also exportL-d from 
Japan (usually in Petroleum oil lases). 

Content of Oil in Seed. 

40- 45 pt’^ 

Method of obtaining oil. 

By expression or exlraetion with xol.itilo solvaaits. I'Apression in 
tlu' cold (“cold diawn" oil; is fmjjhned tor tin* finest (jii.dilit s, but the 
seed i.s mainl) [iiessed mu e hot. The cake is a good ( aide lood. 

Lxtracted meal is suitable only for manure, but the best ipialities 
are occasionally mixed with other meals in suKill quantities. 

Refinement. 

Rape oil is refumd by sulphuric a< id in a simil.ir way to Lin.seed 
oil (see [lage iiO). As free mineral acid is a very objectionable 
* i ii>t <lisnjVL*ie(i liv Rfiinor aiirl Will 
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constituent, especially for lubricating pur[)oseH, the oil should be 
examined for its ])resencc (by shaking with hot distilled water). 

Properties and Uses. 

The “cold drawn” oils are used as edibles, especially in India. 
Less relined oils are still largely used for burning. On account ol 
its high viscosity, and non-gumming properties, rape oil is used in 
enormous quantities as a lubricant, usually dissolved in mineral oils. 
To increase the viscosity the oil is “blown.” It is not very suitable 
for soap-making, the soap produced being ol poor “body.” 

§127. Mustard Oil. . 

Black atul white oils are obtained fioni Snutpis uii^ra and .S', alba 

respectively. They closely rescmlile rape <»il in comjxisitioii, but are distiiiginshed 
thercfioiii by the ijungent odour of ethereal mustard oil. • 

Saponification \alue, .iJKnit 17^^ ; iodine value : bl. ck, lO.'S i lo, while, 92-10.^ 
The black mustard oil is stated to lie used chiefly for soaji-makini^' , the white for 
burning and lubiicalmg. 

§ 128 . Jamba Oil. 

Closely rebled to rape oil, but inferior thereto as it is diffioiil to obtiai 
“blown " oil ol satisfactory (juality from it. I\et<'gnised, aiul diNliiigiiislied fioin 
genuine rape oil bv its distinctive flavour and odour 


§ 129. Group 2. Olive Oil Group. 

T\T1C \L Oll.-Ol.lVK. 

1 'hesc oils arc cliaractensccl by the presence cf large proptM-tions of 
the glyceride of oleic acid. Tliey (Xintain only small amounts of 
linolic and i.o linoliaiic arid. Owing to the prejxmderaiiee of ideic at id, 
they yield solid elaidins. 

§ 1 30. The Kernel Oils. 

Cbcny, Aniicol. Tluni and Peach Kernel oils, often cold cxpnsscd, 
are used inaiidy as adulterants for \lmond oil I'licy may all be de- 
tected ))y AVc/x-rfs’ Rc(ta;en( winch gives colour teat tnnis witii ilu'm. 

Iodine Values. Cherry K., Ainicut K., toi— 108, 

Plum K., 91—100; Peach K., 92 109. 


§131. ALMOND OIL. 

I. General and Analytical. 

Character. 

Coi.ouK tilmusi water white. 

Odour— slight. 

F LAVOUR - almost tasteless 
“ Strarink ml. 
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Physical and Chemical Data. 




Average 

Usual Extremes 


Test 

liyurc 

V. 'll Lit inns recorded 

(1^ 

Specific gravity at I5'5'’C. 

•918 

•(;i 78 — •9183 

(3) 

Solidif) mg point fatty acids '’C. 

105 

b-s”— 12“ 

(4) 

Rt fractive index 40” C. (Z. 15 .) 

67 

5 b *5 - 57*5 

(6) 

Solubility, rrue Valenta 

8o’o‘’^ 



1 'x 10 

lo'o' 



80 



Alcohol reagent 

70*0"^ 


v 8 > 

Iodine value 

90 

98 TCX) 93“ — 101*2^ 


{ti) Bromine thermal test 

20 

18 21 


' 7 b Maiiinene 

62 

5 1 --53 

v9) 

Elaidm 

solid 


10) 

S.iponitic.ition v.ihie 

192 

1S9 193 

14) 

Acid value 


.1V3- 5 

16) 

Unsa pom liable 

0-76 

05 ro 

Special Tests. 


»* 

The mixed fatt\ .nads of almond 

oil, mixed 

with an eiiiial \ olume of 


.ibsolute alcohol at 15 C should disbolve to a clc.ir sohiiion, and no tur- 
bidity should be observable on .iddinj* a fuilhcr volume of ah ohol. This 
test will detect the pre^cn- e of olive, arachis, sesame and (ottonsecd oils. 

Chemical Composition. Consists almost entirely of the ^l>ceiide 
of oleic acid ; but some linohe is also present. Slcaiu a' hi is absent. 

Adulteration. 

Special test .is above. Impoitant test is tlic solidifyin;; point of mixed 
fatts acids which is very low. Chief adult' rants are the kernel oils 
detected by Bieber’s lest fthoui^h not \ery satislactorily). 

II. Technical. 

Almond oil is cbieflv obtained by expiession of bitter almonds. The 
press cakes aii‘ used m the preparation of the essential oil. The 
yield of oil is from 38 to 45 per tent. 'The oil is normall) too clear for 
any other use man m [ihannacy. 

§ 132. ARACHIS OIL. 

I. General and Analytical. 

Character. 

Colour pale yellow to light brown. 

OooUK and flavour - “nutty.” 

.S i K vrink” -small amount usually separates. 

Special Tests. 

Ihdlicr's Test ^c|ualitalive only). 

Reiiard Test isolation of arachidir acid). 

* l'i)cr and Wcslun. * De Negri. 


“ Allen. 



cn. IX] 


VEGETABLE NON-DRYING OILS 


139 


Physical *and Chemical Data. 

Test % 

( 1 ) Specific tjnivity .11 15-5" C. *9 

( 3 ) Solidifying point fiiti) acids ’C. 2 

( 4 ) Refractive index ^o C. ( 7 .. li.) 6 

(6) Solubility. True Valenta 8 


IT^sual 
v.iii itmti- 

*916 — -918 
28 ' — 20 ' 



/'^x 10 




80 

I l O^ 



Alcohol reagent 

74 -:’^^^ 


(8) 

I()(lin{‘ vahu' 

90 

88-95 J 


(/P Bromine thermal lest 

16-6 



(/•) Maumcne 


• 46 51 

( 9 ) 

Elaidin 



(10) 

Saponification value 

193 

191 - - 196 

( 14 ) 

Acid v.alue 

f 

10 , not 

usually over 20 

( 16 ) 

Unsaponifi.ibic m.itter 

0*5 10 



83'3' -105' 


Chemical Composition. 

It IS uncei-M-n ^'lirther Palmitic acid occurs in Ar.irbis oil. The 
characteristic add is Araciiidjc winch (xaurs to the extent of about 
5 PER CENT. LlCNot'KKlc acid also occuis. Oleic acid is the chiei 
liquid acid, together with Linolic and probal)l\ Hvpdo/Ek: acid^. 

Adulteration. 

Sesame — Baudouin test'’ (confirm with Iodine Yali.e, 'liter, Renard). 
Cottonseed — llalphen test (Titer, Iodine V .due, ana of Intui J fatt> acids). 
Poppyseed — Iodine Value, Specific gravity. 

Rape — Saponiticalion Value, 1 iter. 


II. Technical. 

Source. 

The “(Iround-mit’’ or ‘-Pca-nut” {AraJiis liypo<^,pn\ known familiarly 
as the “ monkey nut.” Widely cultivated in the Kai Last, West Africa, 
India, and North and South Americ.i. 

Content of Oil in Seed, qj; 46 p c. Some v.uieties mu. h less. 

Method of obtaining Oil. 

The shells aie cracked and removed by special machinery. The skin 
is then removed from tiie kernel as completely as possil-le, and the 
kernels ground and juessed in a cage-type press in the cold. The yield 
of cold drawn oil i.s about 18 per cent. Usually two subsequent expres- 
sions are given at increased tenipcr.itures. 

. Refinement. The edible varieties are blc.iched to a veiv light 
colour by means of Fuller’s earth or decolourising c, 11 bon. 

For soap-niaking purposes it is alk.ali refined. 

^ P'ryer and Weston. TortePi and Ruggeii. ^ Ulivcii. 

* Meyer and Beer, Monaiuh. f. 'licm. 191.^, 1 

® May contain slight Sesame oil conuinination from null (Lewkowu^cli). 
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Commercial Grades and Uses of Oil. 

Firsts. Cold drawn oil. Used as a salad oil and for adultcratinjj 
olive oil, also for parkin}' tinned fish. 

Seconds, exp}'t\\sio?i. Refined for a lower grade edible and 

sometimes used for soap. 

'I'hikds. Hot expression. Chiofiy soap-making (also burning). 

§ 1 33. Rice Oil. 

Extracted oi expressed from rice meal (<; — 15 ])er ct'nt. oil) or rice bran. 
A lair (|U.uUily is pioduccd .il Hull. The oil h.ix usually dark brown colour, 
and contains much “ste.irine” which is separated fatty acid, the perci iitagc of free 
acid being very high. It has a peculiar musty odour, extiemely difficult to remove. 
Iodine \alue 97, saponification value, 193. 

134. Typical Oil. OLIVE OIL. 

1 . General and Analytical. 

Character. 

Colour — very light or golden yellow to dark dirty grren. 

Odour -varies from slight to strong and som»Jwhat pungent and 
is eharacti'iistic with freshlyddjerated fatty acids. 

Flavour— mild to acrid (of edibles finest l1a\our is Tunisian). 

.Si EARiNE — variable. Salad oils free. 

Physical and Chemical Data. 

U.iitl I' xlrcinos 



Test 

fum« 

\.‘l ,.lll 'US 

ttt ciuicil 

( 1 ) 

Specific gra\ ity i5'5 C. 

•916 

•915—018 


^ 3 ) 

Suliclifjmg point f.itt\ acids X'. 

20 

18 -22 

10-9' ‘—20*4’* 

4' 

Refractive index 40 C. B.) 

55-5 

54’5 5^’’5 


.'6) 

Visi.osity 155 (' 17 X Rx>' 

100-8 



'-6) 

Solubility. 'I'nie Wilenta 

76 - 5 '- 




/ ■ X to 





80 




Alcohol reagent 

feyO- 




Iodine \ , 'll Lie 

83 

80 83 

77' - '; 37 ’ 


{(i; Ibomii'e theimai test 

14-5 

« 3‘5 15 



(p^ Maumene 

46 

45-47 


^9 

Klaidin 

b.'irdest of .all oils, in sliorte 

st time 

10 ) 

Saponiti' ai'on \.iliie 

190-5 

190 -195 

i 83 '— 

T4) 

Acid value 

0-5 u> 50 

(edibles o’5 to 2 


(15 

rnsa])onifiable matter p.c. 

0-75 

o'5 lo 2 



Special Tests, None'. 

> Leukowitsrh. - Kr)t • and \Vi ston. ’ l.eiigh-ld. 

‘ r’i,„de> and l>e Siieui. l>e N^-gri and Fabris. 

.\ new test has luen jiroposud \i>,' A/iiz ai, fi (see p. S2) «hpinding on the 
e>limatioii of the sulphur di«)xide jvolvid on mixing with Siilphuiir Acid (as in 
M.tinnenc t(-i}. ihe liguics gixeii \ary lioiu 2*4 tUlive) lu 223 (Si))a). 
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Chemical Composition. 

Solid acids 15 to 25 per cent. 

Consisting of Paiaihic and a vciy small quantity of Aradiidic 
, acids. 

The lif]uid acids are preponderantly Oleic with apf)roximately 
7 per cent, of Linolic acid. 

Rancid oils rojiCun aldchycks and volaldc acids, .such as acclic, but)ric, 
a- nan I hylic, ru . 

Adulteration. 

Apart from the admixture of other oils, which is hugely |)mctised, 
there is the question of the misbranding of oils, and admixture of 
oils of lower quality with fine edible oihs. Recently nnirh “.sulphur 
e.\trat:ted” olive oil has been y)assed off for a liigher (piality. 'J’hese 
oils can apy)arently ^e recogni.sed by experts by tlie appearance o*f a 
slight bloom in reflected light ovei a dark background. (See also 
Halj)heii’s and Aniliau’s tests for carbon disuly)hide\ in practical 
part.) 'I'he acid value was formerly considered a test for the (jualit) 
of an oil, but as free ac'id is now removed by means ol alkrdi, this m> 
longer applies, huch oils however would show a /easr a'dd vahu 
than normal. 

Adulteration with foreign oils is to be asceriidne ! only by a caieful 
determinalion of the constants given above. I'he Iooi.nk Vam'i 
is particLilaily importanr, ina^m.uh as almost any oil u.sed as an 
adulterant would be higher than Olive. 

d'he Iodine Value ajipcxirs to vaiy in genuine nhve oils accf*rding 
to th(t degree of ripi'ness of thi* fiuit, the liys st fruit giving the 
highest values”. 

'I'he colour tests for ('oltoii and Sesame oiK are importaiil, in 
(xise high Iodine values are oljtained. Auvchis oil is recognised by 
IJellier’s test and if present the peicentagi- determined by Reriaid’s test. 

Lard oil yields ('haraeteristic crystals, and »s conlirmed by the 
melting point of the SiKkOf. At.'i-TATK. 

II. Technical. 

Source. 

From the well-known fruits of the Olive trje, fMv? europca, 
grown in .S[)ain, Italy, South France and Noithern Alriea. 

Content of oil in fruit. 

Variable; 3s to 60 percent. 

' Ab little as 0'02 per cent, of tarlion disulphide can be detected by the 
Il.ilphcn rcactuiii usm^ A’li/'oi’ oil. 

- Fapaielli, Jour. .Soi. C/um. Jud. 848. 
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Method of obtaining oil. 

In the smaller mills the kernels arc not removed. Larger works 
remove these before crushing the fruits. 

A. The hand-picked fruits are ('rushed in a mill and the pulp, 
expressed in a hydraulic press (Marseilles or “Pack” press, see 
page 213). 'I'liis gives edible oil of ihe finest grade. 

B. riie pulp (or “marc*’) is mixed with cold water and repressed, 
yielding an edible oil of a like superior cpiality to (A). 

C. It is now’ t^xpressed again after admixture with hot water. 
This yields a commercial oil, wdiich is however often ])assed, after 
retinement, for edible ptirposes 

D. i'w’cj methods aie now’ employed. The pul[) (1) linely ground 
in s[)ecia] mills with water, and run into tanks, where a further 
\ield of oil lises to surfac'c; (it) allowi'd to ferment in pits in a 
similar manner to “Palm Oil” ((].v.). In litlier case tlu' oil contains 
a high [)ioportion ol fna’ latty <n ids. 

E. The [)ulp is fmall) e\tra< led, after drying, by means of 
caibon disulphide yielding the “Sul[>hur Olive oils.” 'J'hcse are of 
a dark green colour, ami possess a disagreeable “oniony” smell. 

’ Refinement. 

('old expression oils aie biighnnid b) lillralion but are not 
usualh fuithei treated, except to Temo\c Sii xkim. 

l.< )wer ([U.dity oils are a( id n'fined with sulphurii' af'id, and in some 
cases the free fatty ai'ids are removed by means of ( austic' alkalis. 

Properties and Uses. 

The lim^st oils are tlu* sm.vd oils pnr 'These should 

be almost free from fatty acids though a small jierceiitagc is .said to 
improve the tlaxonr. Oils vary vi-r\ widel\ due to : 

( r) \'aiiet\ of trer (Italy produces 300 wirielies), 

( 2 ) Deg'ee of ri[)eness (^f tiuit, 

(jj) .MelT.od of gatheiing, 

(.}) Method of expressing. 

Auentiem is p.iid to the condition of the fiuit, the skin of w’hich 
must be unbroken. 'Tlu* (hi must also be' expressed as soon after 
gathering as possible. 'The 1 'unis olives yield the best Havoured 

varieties. 

Lower .jualities an.’ used rhielly lor soap-making. 'J'he official 
n. Ik s(jft soap IS made from low grades of Olive oil ; as are also the 
finest textile soaps. It is also employed to some extent for burning 
and lubric.ating. 
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§ 135. Group 3. Castor Oil Group. 

Tyi*i(\\l Oil— Cask )R. 

Characterised by the pichcnce of a j;l)ccri(lc of a H\ hUOXVi.ATKD 
• fatty acid, e.y. riufinleic ,.tvnL 

CASTOR OIL. 

I. General and Analytical. 

Character. 

Colour — waU'r white to dirty green. 

Odour— slight. 

Flavour — charat:teristic, “ rough.” 

S'l LMUNE — none. 

( 'oNSiSTLNCY — very viscous. 

Physical and Chemical Data. 





U‘-inl Ivsirciin’s 



luuif 

v.ii 1 till 'll'' iGLOiiicd 

a) 

Specific gravity 15’5‘'C. 

•964 

*960- -’967 

(3) 

Solidifying point f.itty acids 

3 


(4) 

Refractive index; 40 C. (Z. l>.) 

68-9 

do 70 

(6) 

Vis< ()sit> 100 F. (>;Xloo; 

272-9 

_ — 

(6) 

Solubility 

soluble .iceti' 

'd. alcohol. 


liKoluble 

pixiol ether 

(7) 

Tolariinelei 2cx)nnn. 

4 8-8 

r7 5 -! 9 

(8) 

Io(.line value 

88 

82 <iO 


{a) lUoinine iheiinal test 

14-7 

US 15 


(/d Maumenc 

46-5 

- 47 

(9) 

Klaidiii 

jie.iily solid 


(10; 

.Sa[)onilicalion value 

180 

lyh 1 81 

(13) 

Acet\l v.iluc 

150 

147 150 

(14) 

Acid \ .due n<»l over 4 

--30-5 

(16) 

IJnsapnniliahle 

0-3 tu 0-6 



Remarks. In the elaidin test, the Ric in'ileic is ( lianged to 
Ricinelaidic acid. 'I iio oil is characterised by its -fio// spccijfc 
gravil)\ viscosity and optical rotation. Also by the acetyi valur and 
solubility in alcohol. 

The optic.il .icliMly is caused hy llir as)mmt'lric cailnui almu of Kicinolcic 
acid (see paj;e 52) 

Chemical Composition. 

Chiefly the glyceiide of Ricindcic aeiJ \ a small quantity of 
hydroxystearic a(':d and of stearic acid also occur.s. 

^ Atlas (‘‘thuds ” — 111 autliors labiMiiUjiy). 
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Adulteration. 

Other vegetable oils. All lower the acetyl value, rotation, and 
viscosity, and are thus readily discovered. 

II. Technical. 

Source. 

From the seeds of Kidfius communis^ grown in India, and in 
most hot countries. 

Content of Oil in Seed. 

46 -52 per cent. 

Method of obtaining Oil. 

J>y expicsMon and extraction. 

'Die latter method is unsuitable for ni(.‘(ii('inal oil. 'I'he seed 
is fii'-t decot licated (see plates Vll, XI). The first expression is 
m the cold, and yields about 33 per ci'nt. of medicinal oil. (Cage 
form of i)re''s used, see page 213.) Two further hot e\j>ressi()ns 
are then made and the cake is then extrat'ted by caibon tlisulphide 
after giinding. '1 he exhausted meal, being poisonous, is useless for 
( attic fee(.ling, and is emp!(‘ved as manure. 

The oil is extiaeted from the wIkjIc s, ed in Hull for manu- 
facturing pur{)oses. 

Refinement. 

Chielly by steaming, which < oagulat(es all)i;iniMou.s matter.s, 
follo\sed by hltralion. 

Properties and Uses. 

In'ing a mild piugative, it is very largely mij^loyed tor medicinal 
pur{)()ses. Only the cold drawn oil is suitable. 

Large (;Lianfities ate used lor lubruxiling in blended luhi icviting 
oils, and (^spenally in maiine oils. It is em[)lo)ed to gi\t tr.ins- 
];aren( y to liaid .siMps. A laige amount is also made into “soluble ’’ 
or “ luikes-red ’ oil. 'I’liere are many other minor use^ to which 
the (ul is [Hit m commerce. 

I he Sc'jti (ont.nns a tat si)litting en/yme which is extracted and 
Used commercially lor this pur[)ose, although ot late Nxais the price 
ut the Seeds has militated much against its extended use. 
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CHAPTER X 

CLASS V. ANIMAL OILS 


§ 1 36. Typical On, ~ N eatskoot. 

These oils — to be clislin”iiishcd from the fisli oils and the oils from the 
fish-eating mammals— are chemically a suh-elass of the non-drying vege- 
table oils. Thus, they < onsist very largely of the ghieiide of acids which 
absorb only 2 atoms 6f bromine (i.e. oleic acid) and contain little 
or no acid more unsaturated than oleic. As however they all contain 
cholesterol in the imsaponifiable matter.-,, and c.in thus be readily 
distirguished fioin the non-drying \egi‘lable oils, it is convenient to 
group them as a distinct class. Tiie remaiks under Class IV as to 
anal) til al data apply (sec page 134;. 

The “Foot’’ Oil®. 

Tlicse t<>ii'i>.t of the oils ohlainod fioin the hoofs of the sheej>, hor.se, nml 
c.mle (Neal’.s loot). 'l')u*y dilfet only sliglitly in ilu-ir ( haractoi', and leaelions. and 
a di, iplion of the la,l named will sene lor the Ihiee. 

§ 137. Tvimcal On. NEAT'S FOOT OIL. 

I. G-eneral and Analytical. 

Character. 

Pale yellow in colour. 

Almost ODOURLESS. 

A small (juantily of si'Earine separates. 


Physical and Chemical Data. 



Test 

Av«-r.nKC 

v.miiKiiis teconl*-fl 

( 1 ) 

Specific gravity .at I5'5 Ck 

•917 

•9165 -9175 

( 3 ) 

Solidifying point fatty acids C. 



( 4 ) 

Refra( live index 40 C. (Z l>.) 

01 at 20" 



\’iscos!ty 15-5 C. (i;X too. 

108 

104 -113 

( 8 ) 

Iodine value 

70 

09-72 

(a) Btomme thermal te.st 
i 7 /) Maumene 

12-5 

47 

43-49 

[9 

Elaidm 

hard 


( 10 ) 

Saponification value 

195 

I94--I97 

( 14 - 

Acid value 

5 

4- -to * 

( 16 ) 

Unsapomfiable in.ittcr percent. 

— 

•I— 0 
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Special tests. 

None. 

Chemical Composition. 

About 78 per cent. Oleic acid, together with Stearic and 
Palmitic. Contains apparently no Linolic acid. 

Adulteration. 

(i) Vegetable, (2) Marine and (3) Mineral Oils, may be addl'd. 
Best detected by 

(1) Iodine value of Hijuid fatty acids: Phytosteryl acetate test. 

(2) Insoluble lironiides (melting point to confirm). 

(3) IJnsaponifiablc matter. 

11. Technical. 

Source. 

The hoofs of cattTe. 

Method of obtaining Oil. 

The cleaned hoiffs are boiled with water in stoain-jackel(M pans, 
and the oil, as it is freed, is skimmed off the .surlai'e. 

It is then settlul, waslual and filtered. 

f'mployed largely as a .so.ip emulsion for treating hides in the 
leather industry. Also for lubricating line machine*'.. 

138. LARD OIL. 

Character. 

Almost (-chauiess oil, with faint odour of lard. 


Physical and Chemical Data. 



Test 

A\ cr.tc'c 
li^iire 

trsu ,1 

( 1 ) 

Specific gravity at IS'S'C. 

•9155 

015 - 916 

(4) 

Kcfractive index 40" C 1>.) 

4: 


rSi 

Iodine value 

85 

07 - Ht; 

O' 

Klaidin 

haul 


(14) 

Acid value 

sin.'dl 


(16) 

Ihisapoiiifiable matter per cent. 

0 4 

•3 -'5 


Chemical Composition. 

U)- 25 per cent, solid acids ; rest Okie with little Linolic acid. 

Uses. 

High grades loi edible products, ct. margarine, “compound lards.” 
Lower grades. Lubricating, burning, wool tie.uing. 



148 CL’ASSIFICATION OF OILS, FATS AND WAXES [§ IV 


139. Solid Glycerides. 

The fats (manv of which aie oils at the avtiaj^e temperature of the 
couiitiies where they are produced) vary in consistence according to’ 
the peicentage of liquid glycerides which tliey contain. As the 
(onsisience is little guide to the propi rties of the fats, it sicined to the 
authors a more rational method to group them according to th** mean 
molecular weight of the fatty acids. This method has the 
furtlier advantage that it is unaffected by the artilic ial process of obtaining 
a further hardening of the fat by means of the hydrogenation of the 
licjuid gUcevides. As the mean molei ular wmght is prtipoitional to the 
saponification value, the authms pioiiose the following sulxlivision 
ba-'vd on this detei miration ; 

‘ Vegetable fats (Class Vl\ 

Group 1. Sapomfu ation value below 200 
Group 2. ,, „ bi'twi'cn 200 ami 225 

Group 3 . „ above, •525. 

Animal fats (Class \ il . 

Group 1. Saponifu atlon x.dm below 200 
body fit''. 

Group 2. Saponilii allot! \alue above 200 
Milk fit-. 

The following anaUlical data a'e dnimpof t lut in tlu' ca^'C of the 
veget.ibie and animal fats. 

(6j X'lscosity. 

1^7, Polanmrier ('excejit Chinese \'egctable tallow, i|.v.). 

( 9 ) Klaidin test. 

(11 Insoluble Ihomide v ilue. 

( 13 ; Acetyl \aiiie. 

'I'he Solubiht) Wiiciit.'O (6) is of -pecial \<ilu(‘ in the c.ise of Coconut, 
Palm Kemrl, -aid Putter fit, . old the Keicliri l- Meissl ami Pulenske values 
12; and y^l2v/, have lef i\iiec onl) to these s.ime tats. 




THE VEGKTARLE EATS 


Group 1. 

S. V Bl',r,OW 200. 

Tyl'ical f.it. 

Cacao -blitter 

,, 2 . 

S. V. ,, 200----225. 

Typical fat. 

1‘alni oil 

„ 3 . 

S. V. AlJOVJi ->25. 

Typical fat. 

Coconut oil 



(2) SOLIDS 
CHAPTER XI 


CLASS VI. VEGETABLE FATS 

^140. Group 1. Saponification value below 200. 

Tvpicvl Fat Cacao Bcttkr. 

'riu? Milul i^lyceridrs of these fats contain mostly only small ijiiantitics 
of fatty aculs of louer molecular weiglu than stearic (rS carbon atoms) 
ami liLtle t)r no volatile acids (^4 — 12 carbon atoms). 

The following are descrd)ed : 

Average 

GShea butter sapomtic ation v<ilue 187 


Mowrah butter 


„ <■ 192 

I Hi pi' butter 

?) 

i«9 

Cacao butiei 

,, 

194 

Borneo tallow 


'95 


5 } 141. Shea Butter. 

f.it, cliKlly frt'in West Afiic.!, with usually a go yI^h colour, .niid strong 
sniLil Reruh'*!, tile f.U is white and .ilmo'-l otlour)es>.. md is usi^d lur edible 
puiii'->«.s. It is crudely prepared by boiling the giound keniLls \\ah w.iler. 
Steaiic acid, about one-lhirtl t*f total fatty aciUs“. 

'I Iter, 54’. 

.^.iponilication \alue, 170-184. 

Iodine \ .^Iue, 54-^7,. 

If is also (. 1 ) u.ieteri''ed by a Ingh 7)r«ipoition of uns.ipondiable niatt(.r, 4-10 per 
cent. 

§142. Mowrah Butter (i ..itiloha tat '■). 

Fioiu seeds of /’arr/// [.atifoli i, an Indian tue. The seeds (oni.im over 
;o per cent. </f fit. din; best qualities have a }>!erisant .iiomalic odoui, and 
,i yellow colour which is leadily bleached by chemical agents. 

Saponification value, 192. 

Iodine value, 62. 

Stearic and is juesenl to the extent of I3"25 per leiit.h It is u-,ed as an 
edible Ml 111 India, anil is employed in the soap and candle iiulii'<ii ii s in Furope. 

‘ J'liesc* fats, and ccitaiii K ^ser known one>, of s.ij)omlir ii um values below 
200. may contain proportions of palmitic and of myri^tie ai.uK. In this case, 
thc-u high m< an moleciil.u weight pioliablv results fiom iheir alsi> containing 
.irachidu and, or other acids »»f lugher inoh , ular weight than straiic. In the case 
of Shea BiCter the unsaponifiable matter aKo loweis the s v. 

^ Smiilumnbe. four. .\oc. Chem. lud. iyo«;, 4<>V 

3 Holton and Kevis. ^ Meiioii. 
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§ 143 . lllip^ Butter (I-ongifolia fat >). 

A fat ‘liniilar in appearance to Mowrah, and is employed in the same manner. 
The two are often confounded. 

Saponification value, i88. Iodine value, 50-60. 

Stearic acid, 12-20 per cent.- 

§ 144. I vncAi. Kat. CACAO-BUTTER (Cocoa-buttek) 

1. General and Analytical. 

Character. 

Colour — yellowish. Odour -strongly recalls cocoa. 

Consistency hard and brittle. 

Physical and Chemical Data. * 



I'esl 

Axfia^c Usu.tl 

li;;urc \.iriit,>iis 

E\trt tin s 
icc'ordeU 

(1) 

Specific gravity 

•970 e/j4 — 976 

• 

(2) 

Melting point (i. (:(>m[)k*tc fusion 

33 32 34 

2 ^'' 

(3) 

'l iter C. 

49-5 48 — ^0 


(4) 

KetVaftive indg.x 40" C. (/. Ik) 

46-7 40 47 '5 


(0) 

Solubility. True V.denta 

940 1 


(8) 

Cx 10 

80 

Alcohol reagent 

Iodine value 

117^ 

76 o 

37 3! -3S 

3r8'> 41 ' 

(10) 

Saponitication value 

193 *90 -T95 

202'' 

(14) 

A('id value 

05-1-5 


(16) 

Unsaponi liable matter 

0-8 — 1’2 per rent. 



Special Tests. IJjorklund’s test (see [irattical part). 


Chemical Composition. 

Stearic acid 40 p.c.^ About 30 p.c. of Oleic acid, and Linolic 
acid is piobably also present. Palmitic and Aracbidic acids also ociair. 

Adulteration. 

Coconut and I’almniit stcnrincs — higher saponiiication valiu'. 
Vegetable oils— lower 'l iter, higher Iodine value. 

]k*eswax and Paralhn wax— inci eased iinsaponifiahle. 

Tallow- Cholcuteryl acetate test; lijoiklund test. 

II. Technical. 

Source. 

From (’oooa beans, the product of the 'Thsobroma radio fioni 
the West Indies, Central America, etc. 

1 Iklton mid Kovis. - Meiuin. •' I ewkmvitsch. 

T'rvor mid Wosiun. Lliohl. ® Idlbingci. 

^ llehner and Muchcll. 
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Content of Fat in Seed. 

40 —50 per cent, (whole seed). 

Method of obtaining fat. 

The beans are first “fermented” and then sun dried. (More, 
modern drying plant is being installed.) They are then shipped to 
JCurope. The further treatment takes place in the cocoa works. The 
beans are roasted, shelled, ground, and the fat expressed hot in 
hydraulic presses, usually after the addition of carbonate or bi- 
carbonate of soda. Soaps will thus be tornied if fatty acids are 
present, and these will remain in the lat. 

Refinement. 

T he fat is not treated further as the* odour and flavour of the 
cccoa is reepiired to be retained. 

Uses. 

Used largely in confectionery and chocolate manufacture, in 
pharmacy, and as an absorbent medium in perfuMery. 


§ 145 . Borneo Tallow. 

Obtained from the soeds uf many vaiictiC'^ of l)i[Ut.-r(>earpu5, n.itivts of liorneo. 
The fat obtained by native nu‘tlu)dsha^ disn^iceable ehainch'iisiics ; that prepared 
in Kurope re>emblc'' cicno Imtter in odour and ! uillcm ss It contain^ f/) per cent, 
of stearic acid in the mi\td fatty ac;<lsb Siattd to be iivv*d as a biibsliliUe tor 
rat .10 butter. 

Saponification \ahie, 195 'j 

Iodine \alue, iy-.pS j average figures 

Melting point (complete fusion) J 


^ 146. Group 2. Fats with saponification value between 
200 and 225. 


I viMCAi. Fa I Pai m Oil. 


'riie.sc fits ‘ ontain notabli* amounts of fitty ,i< ids of lower moh'ndar 
weight than sLc.iric .c id. Pahniiii .leid forms a huge percentage of some, 
and steal 1C a* id is almost alisent. Little or no volatile fatty .icids are 


piesent. 

The following arc described- 
Chinese \egeial)le tallow^ 
Palm oil 
Japan wax 
Myrtle wax 

[Nutmeg butter 150 


203 average 
201 „ 

219 ,) 

212 „ 


sapon. \alue 
>) 


)» 


i rb-itcl. 

- 'Ihv saponifuatmii \ahie is low on account of C'.scnlial oil [iiesent. The fat 
cMdcntly belongs to this gioup. 
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§ 147. CHINESE VEGETABLE TALLOW. 

1. General and Analytical. 

Character. 

Pale to dark green i:oLOUR. Tallow odour. Hard and brittle. 

Physical and Chemical Data. 



Test 

Avej.jf^e 

figlllC 

L'mi.iI 

N.iri.itinns 

I'lxtrornes 
rev sided 

( 1 ) 

Specific gravity 15*5'’ C. 

•016 

915 918 


( 2 ) 

Melting point (complete fusion) 

60 ° 

55 '-05'^ 

33 * — 

( 8 ) 

Titer 

62-6 

5-2 - 53-5 

40---56'’ 

( 4 ) 

Refractive index 40'’ C. (Z. Ik) 

44 

42-45 


( 0 ) 

Solubility, 'frue Valcnta 

74*5“' 




/ 'x 10 


• 



•So 

9 * 4 ^ 




Alcohol reagent 

65*5 ' 4 



( 7 ) 

Polarimoter 

0 


• 

( 8 ) 

Iodine value 

20 

J8--32 

-3«-’ 

( 10 ) 

S a p 0 n 1 1 i c a t i ( ) n \' a 1 u e 

203 

199 -206 

i79'> 2ji« 

( 12 ) 

Reichert'Meisil value 

0-7 



( 14 ) 

Acid value 

7 

not iisLialh 

over 20 

( 16 ) 

Unsaponifiable matter 

1-25 

1 — 2 



Remarks. 


Many figures liavc been obtained by oli.-ieivers from tallow eontaining 
apparently varying amounts of S/illitigia oil from tli^' kernel.s. is 

best detected by the Polarimoter ( 7 ). vStillingia oil giving --6" 45' in a 
joo mm. tube. 

Chemical Composition. 

No Stearic acid"'. Contains appaiontly PAi.mifk and Or.EU arids 
only. Probably mainly Odeo dipalmi’I'jn^ 

Adulteration. 

Not usually practised, but should be free from S'l'ii r oil , which 

IS contained in the kernel. Recognised by optical .utoiiy, aiul a high 
refractive iinlex. 

II. Technical. 

Source. 

The tallow - oats the seeds of the Stilliugia 'iclifera a nail’ e of China, 
;ind cultivated in N. India. 

Method of obtaining fat. 

A.s the k’cnieh coutaiii Stillingia oil. thi'- i^ either 'jiarately obtained, 
or the whole seed is ciushed yielding a sober mixtuie lUau the true tallow ; 
and known by the native name of mou-icou. 

The tallow is detached from the seeds by rolhu s or melted by steaming. 

Uses. Mainly for candles and soap. 

1 Seifeil. " llobem. •* piles Jenu. '* Fi)ei and Weston. 

I)e Negii and I'ahiis. /.ly uid Musci.icco. 

Ilehncr and Mitchell, Afialvsl.. iSi/^. 

® Klnnont, Monatuh f. Chem. iyo,j. ^o8. 
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§ 148. Typical Oil. PALM OIL. 

1. Greneral and Anal 3 rtical. 

Character. 

Colour— - variable. 

Intermediate shades are obtained between orange (Lagos oil) and 
reddish (Congo oil). Bleaches rapidly on exposure to air and light. 
Odour — very characteristic. 


Consistency - variable accordin 

g to acid value. 


Physical and Chemical Data. 




Avcr.ip:e 

UmuI 

Kvtrcines 

Te*,! 

figure 

v.irl.iiu)ns 

1 ei ordccl 

( 1 ' Specific gravity 15*5'' C. 

■922 

921 924 


( 2 > Melting point ^complete fusion) 

41 

35 — 43 ' 

27’- 

^ 3 ) Titer 

44 ^ 

3b - 45 ' 


( 4 ) Refractive index 40" C. (/. B.) 

42 

41—45 


(6) Solubility. 'Fruc Valenla 

93’5 “ 



f"x 10 

1 1 'f" 

K ‘ 


<So 



AU olio] reagent 

68 •0- 



(81 Iodine value 

54 

52-56 


( 10 ) Saponification value 

201 

200 - 203 

k/A 

( 11 ) Rcichert-Meissl value 

10 



il 4 ) Acid value 

20 186 




Remarks. 

The odour and colour of Palm oil are so r’hara('tei i^tic that the 
colour tests pro|)Osed for its recognition seem superlluou^. 

Chemical Composition. 

Nordlinger"* give^ 98 per cent. Pai.mitic, in S(did acids. Li(juid 
acids : Oleic and probably small cpiantity of Linolic acids. 

Adulteration. 

Not commonly adulterated. Water and sand are hnwevk r often 
present, and an allowance is usually made if together they e\ci. ed 2 '/,• 

Source. “• Technical. 

Various sp(*cies of the /C/o'sis palm, which is practically"' confined 
to West Africa. 'Pin; fruits are borne on heads, and consist each of 
soft pulp with an inner kernel (see Palm Kernel Oil, § 152). 

Content of Oil. 55 to 65 per cent, of pulp. 

1 Kerulltr. " Fryer and Woton. ' 

Zeit^ikr. J. aft Chem, 1X92, no. 

^ IntrodiU-ed into S. Aiiicricd .iiul I’lllllppI^c^, but iiuhctiy -.jnall. 
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Method of obtaining oil- 

1 he ripe fruit is cut oft in bunches from which it is ])icke(l 
and stored in the ground to undergo fermentation. Tt is thereby 
^softened and in this C(»ndition is bruised and loughly strained yielding 
oil. 'Ihe pulp is afterwards boiled with water and the oil skimmed 
off. Owing to these crude methods, probably upwards of two tliird.s 
of the oil is lost. 'I'lie fresh fruits are hand-pressed tor a native 
edible oil, which is not exported. 

More modern methods are now obtaining owing to the establish- 
ment of Jsuropean plant and procedure in West Africa. 
Refinement. 

The oil arrives in this country with a high peicentage f)t hee 
fatty acids. This is due to the hydiol)tic en/}mc contained in the 
pulp. Decompositiofi still proceeds on storing the oil until hydro- 
ly.sis is almost complete. Refinement consists chielly in removing 
the colour. This i« accomplished by : 

(t) blowing AIR through the oil heated to too“— 150° C., 

(2) Treatment with ozonk (colour liable to “revcii”), 

(3) ble.iching with Dichkomatk of Soda. 

(1) Air bleaching. The oil, owing t(' its high a('idity, is 
preferably treated in a lead-lined timber tar’:. Tt is heated by 
means of a co[)per coil, through which may be passed high pressure 
or superheated steam a.s rtHjuired. When t!ie temperature has 
reached icu C. the air blowing is commenced and has the effect of 
agitating the oil. 'J he tempeiature is then rais<al until bleaelung is 
complete. It necessaiy siifierheated steam must be employed, but 
with many kinds ot oil satuiated steam, at a pris-ssiire of 100 to 
150 lbs. jier s([uare inch suftii'es. 

(2) Bleaching with Dichromate of Soda. 

Ihe oil is tieated in a tank similar to the abov(% and provided 
with an “open” steam coil. It is raid'd with skam heat to a 
tem[K‘rature not exceeding Do" ( 1 ., and the mixeci Dichromate and 
Hydrochloric' acid (i to 3 per cent, of die oil) with about lo- 15 
parts ot water rim slowly into the oil wliic'h is meanwhile kept 
agitated by means of conijiiessed air. When the bhsK'hing is finished, 
as judged by taking small samples of the bulk, die chrome liquor is 
allowed to settle out, and is run oft. d'he oil is then washed with 
weak acid, and with water alone to tree it from all trai es of chromium 
and mineral acid. 



156 CLASSIFICATION OF OILS, FATS AND WAXES [§ IV 

Properties and Uses. 

** Lagos oil” represents a high grade of oil, and “Congo oil” 
a typical low grade. 

Used in Urge quantities for hard soap (bleached and unbleached) 
and for candles (bleached and deglycerinated). Also unbleached for 
the protection of the plate from oxidation in the tin-plate industry. 

Used in railway wagon greases it gives the characteristic yellowish 
colour of the lubricant. 

^ 149. JAPAN WAX. 

I. General and Analytical. 

Character. 

Pale \ellow or light brown in COLOUR. 

.. OooUR pionounced and ch.ir.irleristir. 

CONSISTKNCV hard and buttle with conchoid’ll fracture. Resembles 
bleached beeswax. 

Physical and Chemical Data. 





1 'sual 

l‘’xtre^le^ 


r. a 

fi.;iiie 

v.irialiiins 

lecordcd 

vl) 

.Specific gr.ivity .It i5'5 C 

•987 

■975— I ’ooo 


(2) 

MeUmg point (complete fusion) 

52 

51 ' “53 


( 3 ) 

Sohdif) ing point fattv acid^ 

59 

58' -60 


■4) 

(6) 

Refi.ictive index 40' C. .7.. !> ) 
Solubility. True X'.ilenia 
/''x 10 

JSo 

Alcohol reagent 

48 

47’6 49 7 


18; 

Iodine value 

6 

4 - 5 - 15 


<;10; 

Sapumh(atiou value 

220 

217- 222 


114; 

Acid value 

6 

usually not over 20 

16) 

Unsa[)onihable matter 

10 

• 7 -- 1-5 



Soluble boiling alcohol ; in-Miluble cold alcohol 

The tciin “ wax’' ii. of coulee .i n)isnoim;r i^bce page 7), as it consists 
entirely of glyceiides. 

Chemical Composition. 

Almost entirely' compobCtl of Palmitin and free Pnlmitir acid, together 
w’ith a small pioportion (less than i of Diu.vsic Atii^s (e.g. japanic 
acid), and probably some soluble acids. 

Adulteration. 

Ui ( riMonally starch is said to be mixed with the “wax,” and also water. 

T.dlovv might be employed as adulterant, and wouhl he indicated by 
high Iodine \ alue and lower melting point. True Wa.xks distinguished 
by unsapnninal>lc matter and peirentage \ield of CKcerol on s.ipomlica- 
tion. Perilla oi! ‘v. nijra) will increase tile Iodine \'aiue. 
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II. Technical. 

Source. 

From the berries of various species of the Sumach tree {J\hus.) 
^cultivated in Japan and China for the lacquer it yields (the wax heinj^ a 
by product). 

Content of fat. 

15 to 25 pel cent, of beiry. 

Method of preparing fat. 

The wax occurs as a j^reenisli coating to the beriies. These are 
gathered and stored until “ripe,” and are then crushed m a louj^li trou*;!!, 
and the kernels of the berries separated, rin*^ remaining ciiuU' wax is 
pressed in v\<‘dge pi\ sses. Pcrilla oil is st.ited to be used to ima isise the 
yield of wax. 

Refinement. , 

By rcmelting and •am bleaching tlie wax, uliu h is meanwhilt kc'pt 
moist, 'riie lile.u lied wax is I'xpoited m the form of sl.ibs. 

Properties and Uses. 

The wax “ efllore.sc(‘s/’ a fine cr\st<dline deposit being tunned on the 
surface. 

Used in lloor polishes and m the le.itlii-r industr\. 

§150. Ittyrtle Wax. 

Myitlc ‘w.ix’ IS anuthfi insl.ince of .1 line l,it I.tkr Jnp-^in ua\, 

it consists <}nell\ of I’.ihrilin It is «>hl.uiiC(l Iroin llu> Iw iiie> of .1 diiiili (Myiira^ 
growing on the Atl.uUie ('oast t>: Aineoca .ind in Soiul! Afina I'Ik* wax h 
olitained by boiling out with water. It is light guen in toioiii, and fairl) hard 
and brittle, but melts at the < omparalivi ly low tempeiatim* ol 40 i.f 'C Used 
as a candle matuial and make-, a fair polish tor lealliei etc. when liissolved in 
turpentine. 

§151. Group 3. Vegetable fats with saponification 
value over 225. 

d'YPK AL Fat Coconut. 

These fats are eh.araetei ised by the jireseiice of glycerides of fatty 
aciils of very low molecular weight. These .ire caproic ' n bon atoms), 
caprylic (8 atoms), eapric (lo C. atoms'i .md usu.illy laiiiie (j2 C. atomsX 
'fhere is liowever no butyric acid presuU (see page 37). 

The fits (onsequcntly give high tigiires m the irhert-.Mcissl and in 
the saponifieation values. 

'There are several lesser known fats lielongmg to this gioup, but the 
only members which are inipou.int technically are; 

I Palm kcM iiel oil 
i('ocoinit oil. 

The Valcnta' test is here of impertam e. 

t Sec loot note on page 75. 
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^ 152. PALM KERNEL OIL. 

I. General and Analytical. 

Character. 

l‘aU‘ yellow to white in COl (UJR. 

ODtUJR and Ft.woUR eharacteristic and “nutty’’ — low grades arc 
sharp and unpleasant. CoN.si.stkncv salvc-like. 

Physical and Chemical Data. 

Avei.x^;f IKu.il K\tietne-> 

'I'f't future \aiiatunis rcc<prclcd 

p'l) Sperifir gravity 15*5“ C. 

( 2 ) Melting point (complete fusion) 26 ^ 23' - 29“ 

i' 3 ) Solidifying point f/tty .u ids 23 ^ 20" — 25" 

t 4 ) Refiactive index 40' C. \/.. B.) 36-6 36 

( 6 ) Solubility. True Wdenta 24'o"^ 



Alcohol reagent 

40 ' u '’ ' 


(Q) 

Iodine value 

13-5 

/to 17 

10 ) 

Saponitic.iiion v.due 

246 

244 24S 

12 ) 

Reichert- Mei-sl value 

5-2 

5--6-S 


IT' Rolcnske 

9*8 

U ; — 1 2 

14 ' 

.\cid value 

5 22 


( 16 ; 

rnsaponiiiahle m itter 

riu ’. m - .1 pel 

('cnt. 


Special Tests. 

Kiisehner V.ilue I’v'T' ‘'('r p.ige 17V. 

Baryta Value '.oliibh- 329’ 'nisolublt' 1 :;o3 7^ 

Chemical Composition*. Peixi magi' ol tatty .k ids jvicsent in 
conibina ion. 

t'a;)roKaMd 2 I.auiie .irid 5; Stearic ai id 7 

Capivlic „ 5 Mviistic „ 12 t)hi( „ 4 

Ca[)iic ,, 6 BalmilK 9 

Adulteration. 

.\<it u-'.uallv .iduherated. 

II. Technical. 

Source. 

I- loiii the kernels (»f the Fkesis palm tpage 11^4'' of Wc-^t .Africa. 

Content of oil. 

I be kernels contain 44 49 per rent, of nil. 

Method of obtaining oil. 

Nanvr labour is almost exclusively employefl for collecting the kernels 
,'ind (Talking the shells. Vi-ry large cjuantities are vv.isied. The kernels 


* 1' r\* 1 -iMfl W • ^lon. 
^ Av<. l.'iili.nieiit. 


I’.'iltim and Rcvis. 

* I'.l'iloii, >914, 7^« 
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are shipped to European ports — chiefly Hamburg ^Marseilles during 
the war). 

The oil is either expressed or extracted from the kernels. 

The expression jirocess t onsists in screeiiin^'^ the kernels, grinding 
J)etween rollers (si^e J'latc XTIlj, and pressing the pulp>' material twice 
at about 50’ and 60 C. respectively (see page 213, cage press). 

The press cakes aie used for cattle feeding, and contain only about 
7 per cent, of oil. 

At H.ii.iburg extraction with Carbon Disulphide is earned on. 'I he 
residue is onls fit for in.inuie. 

Refinement. 

This is nei ess.iry for edible fat, and is acc4>mphshed by the use of 
soda or potasli wliuli combines with free fatty acids .lud caiiies down 
impurities and colouring matters. The residue is sold for soap stoi'k. 
Properties and uses. ^ • 

As it closely resemflies Coconut Oil it ma.y be used for lu* same pur- 
poses, e.g. ( olil iirocess soa[)s, “washei ” so.ips, '■‘manne’" soaps, ediole lals. 
The oil Id also piess«i^l yudding a “steal me ’ used .is a “chocolate fat.” 

^ 153 . Tmicai. Oil. COCONUT OIL. 

1. General and Analytical. 

Character. 

Pure white to brownish Coi.our. 

Odoi R AND FLAVOUR. ( 'haiactei isl ic swu't “nutty.'’ Low 

grades [uingent and acrid. 

CoNsisiKNCL. Somewhat brittle in winter; salve-like in summer. 


Physical and Chemical Data. 




A VI iai;c 

UmmI LMrvm.s 


'lest 

fij;ni 

\.ii '.itions leiyitled 

(1) 

Sjiecifie gravity i5'5‘ C. 

•9258 

•9355 -• 92(.5 

(2) 

■^lelting point (eomplclt fusion) 

24-5 

23' -26' 

( 3 ) 

Solidifying jioiiit fatly acids 

23^ 

2C 25' 

( 4 ) 

Kefrat live index 40" C. (Z Ik) 

3f-5 

35 3 b 

(0) 

Solubility, 'frue Valcnta 

120 ' 



C X 10 

1-61 



80 




Alcohol reagent 

340 ’1 


(8) 

Iodine value 

8-3 

8 9 

(10) 

S.ipoiiification value 

257 

255 2(.0 

(12) 

Keichert-Meissl value 

7-5 

6-5-8 


(<2) Polenske value 

16-6 

15-18 

a 4 ) 

Acid value 

10 

() - 14 (good \ atleties) 

(16) 

Unsapuniliablc matter 

0-2 

0-15 3i,Iow; 


^ Flyer anti 

Wesltm. 
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Special tests. 

Kirschner r*6 to 1-9. 

‘Baryta values {a) Insoluble 294*5 
(/>) Soluble 57-3 
rt - (200 + v + 37-2. 

Chemical Composition. 

Rlsdon'-^ found percentage of fatty acids in glyceride as follows: 

Per Cfiit. Pci cent. 

('aproic acid 2 Myristic 20 

('aprylic „ 9 Palmitic 7 

('apric 10 Stearic ; 

Lauii<' „ 45 Oleic 

(Steaiic piobably too high and Oleic too low.) 

Adulteration. 

Seldom [)ractised. Readily discovc'unl by thi‘ usual f'onstants 
e\cei)t in the < ase of 1 ’af m Kkrnh. on.. The ‘'IhirMa value"*'’ 
sliouKl prove U''ei’ul in the case of large admixturis ot this oil. 

II. Technical. 

Source. 

'rhe fruit of the coconut t’*ee {Coi(>s fiKcUt'ia and i'ufynfaij). 

The chief productive are.is are (.\ylon. Souili Anuruiu India, 
Philippines, South Sea, ('ochin Chinn. 

Content of Oil. 

Fresh kern^ K 30 - \o per I'ent. 

Dried copra 50 74 ,, „ 

Method of Obtaining Oil. 

The naU\e melliods of piefiarmg the oil consist in eximsiug the 
sliced kerm*ls to the sun, and collei ting tlu‘ oil which runs off. A 
better ejualiiy is obt.nned Ijy pounding the kernels and boiling out 
the fat with water, one of the f'liiel methods ot obtaining the ('oc iilN 
OIL. Rouglily improvised presses are also in use. 'Die oil is 
carried by natives to the coast towns. 

A veiy large amount of diied kernel is e.xpoited imd< r th.e name 
(T Coi’KV. 

The husk is removed, and the split nut e ither diied by exposure 
to sunlight, or in fire-heated kilns. '1 he latter gives an inferior 

^ Avc LalN'mc'iii. ' A/ifily\/, 1914, yM, 

^ .V nielln)4 h.is pr<)|>'isf«l by {iuinrlt .tikI Ki;\is [Analyst, 191.’,, 38, 255) 
toeli''t)n^insh hctwt cn ihrsc oils iiy ol.,er\;Uion ol iho " ruibiflity teiui)erAluro” ot the; 
JJanuni sales ot the insoluble volatile acids in alcoliolic sululioa (of delinile strength). 
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product, except where hot air is employed as a drying agent, ^shen a 
fine white copia results. 

'J'he copra imjanted into Europe is pressed for oil in a similar 
^manner to Ealni kturiels. The pulj) is twice expressed at moderate 
temjieratures (55" to Go'' C.) in a jiress of tht; “ I'.ige ” variety (see 
page 21^). 

('areiully toMted, copra yields a iirodiK t wliii li is wmked up 
entirely for edible }Jur{)oses. 

'I'lie ('akes are used for cattle feeding and contain up to 10 per 
cent, of oil. 

l^lxti action of the oil with volatile sol\t;nts is unieiruinerative 
owing to the low value of the extracted residue. 

Refinement. 

The oil is refmetj in a similar maniu'r to that employed 4 n the 
rase of Palm Kernel oil (page i5‘)). 

Properties apd Uses. 

'Three grades arc distinguished in comnierre : 

Cochin. 

()i iginally obtained from M.dabar, but the- nami is now i g<>neric 
one for oil pioduccd from fresh knnels by cin- ' il methods. As 
imported is white and of good sweet odou” and llavour. 'IT.e 
pereentage of tree fatty a^'ids is low. 

Ceylon. 

'Tin’s usually repiesents a lower (pialit\ of imjiorted oil, though 
the best varieties arc' srarrc’ly dislinguishabh Iroin “(’orhin.’' It 
varies from yellowish ’orown to while. 'I lu- (aU»ui is less ])U*asanr 
than cochin, being often somewhat shar[). Thc' .nuount of liee 
fatty a('id is very variable. 

Copra. 

'The term is used commercially to designate the lowc'St (piality of 
oil. In point of fact, however, the (jualitv is very variabl 1 according 
to the raie employed in thc pre]xnation of the; dried kernels. 'The 
poorest varieties c'f the oil are browm in colour, of a very rank 
odour, and ctmlaiii a large j)ei(:cnlage of free fatty acids. 

Coconut oil is used in enormous quantities m edible fats. 
Many trade pretiarations, such as “ niicoline, ’ eicc, consist largely if 
aot entirely of coconut oil. It forms an important ingredient of 
inaigarine, and is also sold as ‘‘nut butler” (emulsified with milk). 

It has also a very extended use in the hard soa[) industry. I'he 
use of coconut oil is almost a necessity in milled and “wa.sher” 


F. & W. 


II 
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soaps owing to the freely lathering properties which it imparts 
to them. 

Like Palm kernel oil it can he used in the preparation of sea 
water soaps (marine soaps) which are soluble in dilute brine. Owin^ 
to the ease with which it saponifies, it is a necessary ingredient in 
‘‘cold process soaps,” its function being to commence tl\e process 
of saponification. 



THE ANIMAL FATS 


Group 1. 


S V. BELOW 200. 

Body fats. Typical fat, '1 allow 

S. V. ABOVE 200. 

Milk fats. Typical fat^ Butter fat 



CHAPTER XU 


CT.ASS VII— ANUrAL FATS 

§ 154. Group 1. Saponification value below 200. 

Tvpu \l Kat Taii.ow. 

TliC'^e an‘ all rontained in the fatty or aciijiose tissue of vaiious 
;.niinaK - mostly mammals. I hey consist mainly of tlie glycerides of 
stearic and oleic acids, with small amounts t;nly of linolic acid. 

Kit'' (.»f fish-t.ainjT auinuiK, such .is tlio wiM ic<‘ hear and others show 

di'.tinel drying pi<i|Krtu'->, and ghe high iodine \ allies. ^ d'his is almost coitaiiily 
due to the ahsoipin-n of the iinNaluiated fatty aiids of lisli <iil into the boily fat of 
thc'C animaU. 

An import. int e|nc''tion is laiscd hy tlic cimsidi i .uion ot the mtluence 
of tlie food of the annual on these fits. It lias li'.en proveil that unsatu- 
lated fats oci iirrmg m the food aie in pio< ess of time absuihed to some 
degree by the bod\ fit not only in tin i aso of tish-calmg animals as 
abo\e, but also with doiiustuaied heists. '1 bus bird of hogs fed on 
cotton cake show>» a higher iodine absoi[)tion ^.lhle due to an inci eased 
percentage of Imohc acid*. 

Iv.OM'aiche'. .lie in progit".'. which appear to show tliat gl\cerides arc hydrolysed 
in the body, the laliy acids heconnng alivabed and being siibsciiuently rc-cslerified 
by cell aetnily. 

C ertain other con^litnents of fits are also absoibcd and appear in the 
body tai. Thus the substance which produces the Halphen 
reaction in cotton seed oil appears in the lard oil of hogs 
fed on cotton cake. 

In these ciK uiMsianres it thus berome.s a matl<‘r of great moment 
wbethei the dislinginshing ali oliol -pliy losu rol ot \eget.ible oils is also 
absorbed and cont.iined in the body fat of animals fed on ])roducts con- 
taining vegetable oils. A number of rescMitbcs by dilferent observers'^ 
h.i\e jiro'.eil ron( lusi\ely tli.it phytosterol is not absorbed by 
the fat of the animal in these conditions. 

The distinr lion between animal and vegetable fits by tlie identification 
of cbolv^terol and pbvtosierol holds good thus t.ii, irrespective in the ease 
of animals ot the nature of tlie diet. 

' Sec aUo effect on butter fat l)y feeding cows wdth ground nut and cottoncake. 
Craiificld, 488 , 

- Konig and Iscliluckehier, /.at.f. Unkrs, d. Nahr;^s. u. Otv/wjJM. iyo8 (xv), 643. 
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§ 155. T YPiCAi. Fat. LARD. 

I. General and Analytical. 

Character. 

White, translucent and of salvc-like consisi encn . I’ 'ifiist qualities 


arc usually granular. Odour and ftavour vary aceoiding to (piality. 

Physical and Chemical Data. 





l .till FvtlClIKS 


T<.st 


\ ai i.iiii'ii., iL'ooidcfl 

(1) 

Specific gr.ivil) I5‘5^C. 

•036 

* 914 - ’ 93 *'^ 

(2) 

Melimg point fcoinpleto fusion) 

42 

3 ^->- 4 ^: 

(3) 

Solidifying point fatty acids 

40^ . 

3r.^ -42“ 

(4) 

Refractive index 40’ (h (Z. B.) 

50 

4^^^— 53 44 -‘- 5 '--S 7 - 3 “' 

(6) 

Solubility. True V.ilcnta 

87‘o’‘^ 



Vx \o 

lO-q* 



80 • 



Alcohol rcaj^ent 

71 5 ^ 


(8) 

Iodine \alue , 

62 

qb 66 49-9’ « 5 “ 

(10) 

Saponifu .'ition value 

196 

19-1 199 

(12) 

Rei chert- Meissl value 

0-6 

O ' 5 -0 7 

(14) 

Acid value 

0-8 

•2-- 1-5 

(15) 

Unsaponifialde matter 

0S5 

0.1 <>'5 


Remarks. 

Within tlie above limits the constants vary in fat t.ik. !) from diffe- 
rent parts of the body. 'The Iodine value of the litiuid fatty acids is 
important in the recognition of adulteration. F is born 92 --i 15. 

Chemical Composition. 

Tlie fatty acids of lard consist of about ,]o [ler cimu. solid anrl 
60 pel Cent. li(|uid ac ids. The latter consist of oleic and linolic 
in al)(Ait the pro[)uition of 5 to 1. 'Ine solid acids’ ('onsist of 
myristic, lauric, stearic and palmitic in ord'a- ot inqiortance. 'I'he 
])ro[)ortions vary in the iat fiom ilifferenl paits of the animal. 

Adulteration. 

Lard is very liable to adulteration. The chiel and likely 
adulteiants are as under: 

Water. Determined by diying a weighed (]\iantity at 105“ C. 

Vegetable Oils. 

Cotton and Sksam^ oils are recognisial by the Htdphen and 
Ikmdouui colour reaction.s, except in the case of Hogs fed on cake 

^ Dninstcdt. Fai ii‘'teiiu‘i, ^ Fi ver ami Wt'sion. ‘ I iiL'lcrich. 

Romci ( 191,^ 38 , 704) has isolalt'd p.iluiilu-(hstc*ariii horn hud, 

and jTives evideiure to >.h()u llud it is llie a euiupound, .sou p. 14. 
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from these oils. In this case the iodine values of the oil (and of the 
litjuid fatty acids in case of cotton) will probably be higher than 
normal. For proof of the presence of these oils in small amount, 
recourse must be had to the phytosteryl acetate test (see practical 
part)\ Tlie sulphur chloride test is useful. 

Arachis Oil. Renard’s lest, d'lie melting [)oiijt of the arachidic 
acid should be obtained. 

Maize Oil. Solidifying point of fatty acids (if cotton be 
absent). 

Animal Fats. 

I'MJOW AM) lll Kl’ .STFARINE. 

Thi^ IS a very difficult problem if the amount of adiiltenUion fall below 
10 per cent. I he most important te>t is the solidifying point of the 
mixed fatty acids, together with a micros! opii.al examination of the 
cn^lals formed fiom an etheieal solution of the lard. 

Pure lard eryst.ils aie oblong plates with c}nsel-sha[)ed ends ithe loin 
fat ci sslallises best : back fat diffa ulty crystalli/able'). See pi act k al jiart. 

Beef crystals appear as <ui\ed lulls of veiy fine nt'edles. See 
plate m piactn <d S(m lion. 

the Mitek-Pt Ifield ir.ctlmd for di'trcting htef stc.niiu' is as l<»ll(iU'>: 

Iwo st.uitlaici sets )| leixtuiLs 'r*' pc'p.ucd. 

(A) Laid tpiitf) 'f nielfing point 

.)4 ^ • wall 10. I .iiid io pi'i euit. «)f l-iot ! ^UMiinr. m.j’. 

C. 

(P)) Paul (puic) of nulling j-dmu 

.p; - 40 Willi 5, 10, js. and 20 [jer cent, of Bct'f steanne. M.I*. 

50 

(i) Melting puint (capillaiv method! obt.uned <>1 laid nth/,? e ' It 
is then is'nipaie<l with (A) or (P.) according to which of the two ii i- nearest in 
melting i^omt. 

(2I 3 c. (if the melit.d fat is di"ol\c‘i| m :ict. df eilui in a gi.ulu.lled 

cslindcr vf 25 rc. ca|..uu\ 

( ;) /,(-.( .il ih(. set of mi\tiues ate '.imilarlv iliss()]\ 1(1. 

(4I die ../lm(k!s aie I (n 1 < d ti- I ■, ('.fm 24h(tms. 

(■;) The amoimi of bei t suanne u appioximately indn.ilcd hy comj)aMson of 
the ( r\^tals .oinu d in (2) willi tluoe loimed in the set-, of iiiivIuk s 

Tills Is (.oiiliuiud hy the examm.alioii microsiojiic.dly foi hci t -.natine eivsIaK. 

II. Technical. 

Source. 

The fat from all paitsol the Pig iformeily it signified the I l\k I \T 
only . 

Preparation. 

d'he large American packing house-, employ a coniimious method of 
tnatment for the working up of the various products of the ,inim 1! 

* i\ir.dfm w'ax is bomcliines purposely added to re-nder this test melfeclivc. 
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Immediately after slaughtering, the leaf fat (that which surrounds 
kidney and bowels) is removed from the hog, cooled, and “ rendered 
(sec page 210) in jacketted vessels at a temperature not exc eeding 50'' C. 
Tnis yields 

• “Nkutral t,ako No. i.” 

The fat from the back is treated similarly and gives the 
“Nkutral LARI) No. 2.” 

The residue fjoin “Neutral lard No. l” is digested with high-pressure 
steam and yields 

T.faf Lard. 

Residues from “ Neutral lard No. 2 ” simil.irly tjeated give 
Choice KEriLK-kENDEREi) lard. 

Trimmings, and fatty tissue from other jiarts of the animal, digested \. ith 
high-pressure steam give 

. * 1 ‘ULME S'l 1 ' \M LARI). 

The intestines and viscera are worked up in digesters and yii'ld 
(JKKASES of various 1 quahties,as also do dise.ised hogs, wliieh are tieated 
by being boiled m stiong caustic alkali, which destroys all tissues, Icav")'; 
only the fat. 

Refining. 

(1) Neutial lard is settled and “salted” (to euwove traces of water 
and fibre) and is then ready for nst*. 

(2) Other qualities are refined will) Fullci’s • uth (see Jiage 218) and 
rapidly cooled. 

Properties and uses. 

Neu'I’RAL lard I AND 2 ai e u.scd almost e\f Kisively for maigailne 
(oleornaigarine) and eonfectioneiy. 

The odicr lards are suitable for domestic ])uiposcs, and the cheaskS 
are cii ployed for soap-m.iking (mainly liigh-class toilet and shaving 
soaps). 

Lard stearin e results on piessing the caieiuHy eiystallised Lit. 
It IS used as a “stiffener’’ for softer laids. 

L.ARD cm. results from the above (see page 147). 

g 156. BON^ FAT. 

I. General and Analytical. 

Character. 

Ren DERM). 

White and almost odourless to brown and offensive., 

Exirxcikd. 

Durk colour and sliaip ofTensixv' odour. 

CONSLSI LNCK. (.‘Ml grades.) 

“ Butteiy ” to “ tallowy.'* 
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Physical and Chemical Data. 



Tcbts 

.\\cM.icte 

nsiire 

Usual 

variations 

Kxtrt'iiics 

iccorded 

(1) 

Specific gravity at 15*5 C. 

•916 

914 -gi6 


v2) 

Melting point (comph'te fusion) 

21” 

20 22“ 


■ 3 ) 

wSolidifying point fatty tu ids 

40 ” 

3b' 42” 


( 4 ) 

S'! 

Refractometer 40 C. 

Iodine value 

52 

50 -55 

46' hf 

(10) 

Saponification value 

190 

187— 1()5 

172- 

vl 4 i 

Acid value 

1—50 

ai'coTdmg to degu e ot 

( 16 ' 

U nsaponitiable matter 

10 

freshness 
0-5 -1-5 

of bones 

r8’ - 


Remarks. 

Jioiic t.its noim.illy <'ontain lime salts, sucli as calciinn stearate, 
(ilOiite, V‘U., and alsi) salts of the lt)\\(M fatly a(<Icls as l)utyiatc (anti 
laetaic . It is thfitdort- net t s^ary to obtain the content of fatty matter. 
This Ls tlelermincd as follows’ , 

i' to i^rainuies ot sample are wiM'^htnl in small conn al flask. 

2 3 to 5 dieps slionj; !ICl adiled. 

' 3 It is wanned on waim bath for unc houi w ilh ai;itati()n ' lime salts 
theieby bein.t; (ier<>mi>osed 

4'' 40 c.c. Petr<>leiiiu ether .idded, and solution shaken 

5 Filtered into lau'd flask, ether m a|.)(-i at- d, and lesidual fat 
weight'd. 

DlKf AN!' (iKtiss iMi't HI 1 11 s are detei miotMl by (IrMin^ and wey^hine 
the residue from filti ition of tin- ellieie.d solution 

LiMh S\l,|s ate esiimatetl by nn ineiatinn ^a) 10 grammes of the 
sample, T'he lime is obtained as (aibonate. 

\\ VI 1 It. I liH l■^ b«‘-i found by diffen n«-e. as the water is ten.iceously 
held bv the hr.K' sdt-^ and ;s d'lfn uh to dii\e off. 

Chemical Composition. 

'Ihis \ari - Hi'<itly, but in o. be t.dsen as abtiiit 75 per < imt ohm’, 
ijjieriint m<’arn mu! prob lOl oiiu jidiintn 

Adulteration. 

W asi(‘ t.its, ie<o\t"ifd erie,!-.!' ,m<l Wdol 1 1**^' latter aie 

readib delected b\ ibe esliinatinn of the uusapomfiaole inaltei. 

11. Technical. 

Source. 

Bones f)f ail kinrL in .ill '.fuiduiens .if tieslnuss and of leitiidity. 

Content of fat. 

12 20 per <aMU. 

' Wilsen. * 'Iton-hy. ' 'sliukotf .iM-l Selie'.l.iknff. 

* SfiiiPntt, rV/iVV. A' /■ // , fi 

.•'ce Aeidiinjj, litui/tcin. /.,i( . n;oS, iti;. 
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Preparation. 

Bone fat is the jnoduct of “de;4ieasiny ” llic bones prior to j^lue 
extraction, or distdlation foj obtaining animal t liarcoal and “distilled 
hone oil.” 

(1) Bones boiled in open vessels with water (now ab.indoned owing to 
nuisance created). 

(2) Bones Inoken up in a null (see Plate XI \L .ind treated with 
steam under prcssuie m aiitocl.ues i^te.nn prebsine 50 to lbs. per 
square inch). 'I'he boms are usualK t leans(*d in a s]xh i.d washer betore 
treatment A ptolunged treatment ilissolves gluey constiimMit' , and is 
undcsiiablc. 

(3) P»t)n('S extrarlt'd with volatile sohants. *rhe usual sol\ cuts em- 
ployed are Petroleum ben/ane, and Shale oil boding betwi en loo' i ^o' L. 
One of the ( ontiniious forms of extraetois is employed sue h as “ I honieS, ' 
the sohent boiling during the extraction. It is cssimial that the lu^lmjj 
point should be above that of w'ater, as by this nuMiis the bones become 
gradually dried, and the solvent is .d)le to exton t tin* f.it completeb'. 

Refinement. • 

Rendered fat is laiily easily bleached unless the .uidity is very high. 
For this pui])ose DKUKuMX'll' and hydroi hloiu acid au' (unployi'il 
(pag(‘ 222 ). 'The l*l koxiin s h,i\e also been uslcI rpage 222 ). 

FA'trai'lcd fat is not usually bUxn heel, but is di''*i leti, a wliitc fatty 
acid being obtained which is used as cMiidle-matei . d 
Properties and uses. 

The exti acted lat is alnio-t entindy emplo> cd in so.qi-makmg. 
A certain amount is pressed yu'khng “ Ihjne (.)il ^ wdiich is a \ahiable 
lubiiiaiit. 

The < xtiacled fat is distilled 'six- almve) and pressed yielding a 
SI 1 - NRlNl' lor candh'-makmg and an Ol t INK 'I'Ik'sc ( amiot be employi'd 
for son] -making owing to the liigli piupoition ol unsapoiiiriable maiter 
the> contain. 

s 157. TALLOW. (BEEP AND MUTTON FAT.) 

o 

I. General and Analytical. 


Character. 

CoKOKk - while to daik brown. 

Odour- faint to very disagitvahle (mutton is more pronounced 
than beef). 

Fj.avour- -ar'cording to grade. iVIutton is h'ss agreealdo. 


1 Tills must not lip coiifuiimlid wilh distill* d hone oil. which is n jiroducl ot 
the deslnietive distillation ot bones .ifui “ (legi._.->sing ” aiui contain^ otganic 
bases. It IS a hy-prodiict in the production of ‘Munual charcoal. 



170 CLASSIFICATION OF OILS, FATS AND WAXES [§ IV 
Consistence. 

Varies according to the food, sex, and part of the body from 
which it is obtained. Mutton is normally harder than beef. 

Physical and Chemical Data. 

Axt-rase Umi.iI Extremes 



Test 


liH le 

v.in. 

itiDiis recoK 

a) 

Specific giavity at 15'5' 

X. 

•947 

■937 

‘953 

^2) 

Melting point (complel 

e fusion) 

48 

47"- 

-49’ 

(3) 

Solidifying point fatty < 

icids 

(44 (H.) 
|45-6'{M.^ 

43 

45 - 

-45A'lk) 

46 (M.) 

(4) 

Refractive index 40' C. 

a. H.) 

48 

47 

49 

>0) 

.Sokibilily. True' \’alei 

iita 

92 ‘O ‘ 




I'x 10 






80 


II-5’ 



• 

Alcohol ie< 

igent 

7r5' 



^8; 

Iodine value 


f44(H. ‘ 

4^ 

45 IM 




141 (.M.; 

3^ 

-12(M } 

ao) 

SapoiutuMlion value 


196 

»I93 

198 

(12) 

Reichert* Meissl value 


0-5 



(14) 

Acid value 


\'ai les ai (’< 

iirding 

to grade. 



Hfsi cdil 

liles not o\ cr 2. 

(16) 

Unsapomriable matter 


0*5 




Chemical Composition. 

It ('ontains glycerides of Stearic, Talniiiif and ( )l(‘ic acids. 
Stearic acid 3.; 50 jx*i cent. Oleic 50-60 per ctail. laiiulic and 
e\en Linoleiiic acid has been proved to e\isl in t.illow, [irobably 
owing to the comparatively lecent practice of feeding rattle and 
sheep on oil cakes. 'I'he glyceiidt's havt* betn definitely jiroved 
to he of a .mixed character, the following having been isolated: 
Stearodipalniitin, oleodipalmilin, oleopaliiiitosteaiin, palinitudisteaiin. 

Adulteration. 

Not t oir.inon 

Ve(.i lAiiEE OILS — detected by Iodine value and Phytosteryl 
Acetate 1 est. Also by melting points. 

W'UAEE OIL — Insoluble liromide value (negative with pure 
tallow; and odour of fn-shly liberated fatty acids 

Pakaffin vvax and Disiii.i.kd ureases — unsapuniliable matter, 
and acid value. 

II. Technical. 

Source. 

All paits of the body of tlu* cow and sheep exi'cjit the miek. 

' 1 ’ iy«.r .111(1 \\ eston. 
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Preparation. 

On the small scale — mainly as an adjunct to slaughter-houses— 
fat from all parts of the body is rendered by heating at low tompera- 
,tures and straining from the adherent tissue. 

In the large American packing houses, the fat is at once removed 
from the slaughtered animal and the kidney and bowel fat kept 
separate. It is hardened by standing and immersion in ice-cold 
water, and is then shreddc‘<l and rendered in inching pans at a 
temperature of about 40" (k Salt is sprinkk'd over to assist the 
separation of the tissue. The clear fat forms the “ Pkfmikr Jus.” 
It is allowed to crystallise and pressed, forming “Oiko oit.’^ and 
“ Oleo-stearink.” 

The hit from the.* rest of the carcase is rendered at temperatures 
of 100° C. upwards* and is termed ‘‘renokrfo ixiJ.ow’^ (see 
page 210). 

Refinement. • 

I'he “ Iheuiicr jus ” is relined by re-melting and salting, (han- 
mercial and off-colour tallows are bleaJied by means of diehromalc, 
manganese dioxide, and the- [leroxides (s^ * ]i<ige 2 jo); o/one has also 
been employed. l)i{hiromate bleai'hcd tallows tie<iucntly have a 
greenish shade diu* to chromium. 

Properties and uses 

The “Premier Jus” and its products, Olco oil (ok omargarine) 
and Oleo steaiine yield white fats which are almost tasteless and 
odourless, and are mainly used in margaiine and cooking j)re[)ara- 
tions (lard compounds, “nut buttcis,” ct(\). 

“ tendered 'lallow” of all grades is employed in a gu\it varict) 
of ways, hut ehiihly for soap-making, candle-makmg (after deglyemi- 
nation), and lubric'ating. 

§ 158. Group 2 . Milk fats. 

'rVPICAT. MEMMKR- - Hr rri R F\T. 

The milk fats ate obtained from the se< letion of the mamm.ny glands 
of the mammalia. Although the milk fiom vanoe.s mammals x.iriis 
somewhat m C()mj)Ositif)n k the fat appears to be mueli mure uniform. The 
only important member of the grou]i, fiom a technical point of view, is 
cow butter f.it h’he charaetei istic acid is butyric, and other volatile 
alid.s are also present, 'fhe milk fats resemble the coconut groujj m the 
vegetable group, but lire kitte’’ coulain jw butyiic miiL 

^ We are not lieie conrcnuMl witli a doscnplion of milk ami butter, information 
on whicli may be oVitamcd from the many treatises on the sublet Is. 
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§ 159. Typicai. Fat. BUTTER FAT. 

1. General and Analytical. 

Character. 

As obtained by melting and filtration from butter, it has an 
almost white to yellow eolour, and retains its odour of butter. 'I'he con- 
sistence is a little harder than butter, and the fat is almost tasteless. 

Physical and Chemical Data. 




.‘Vs Cl ii;c 

I'siial 

lOvtieincs 


■| ea 

li4urc 

s.n laiioii'. 

recorded 

(1) 

Specific gravitv at C. 

0-938 

-()42 


(2' 

Molting’ ]>oint ruinplele fusion t 

31H\ 

2S -34 


(3 

Solidifying point fatly .u nis 

35 

35 ~ '37 


:4'' 

Refractive index 40 C. ■/.. U. ‘ 

43-5 

4 .J 5 44 


^6 

Solubility, 'frue Wdenta 

37 'o ’ 

, 



f'x 10 

<So 

4 -(d 




.Mtoliol nsigent 

4^*0 ' 



8 

loiliiie v.diie 

33 

2d 4S 

—50**^ 

10 

S.ijninifit ation \ aliu 

227 

.:2o 232 


12 

Rei<'heit-Me»''sl \ alue 

28 

2 5 30 

17’' 368' 


ii' Poleiiskc 

2-3 

17 

1 3' 

14 

.Ac ul \ alue 

\ ei \ small, exi ('pi m 

fats Itoin 



i.im id 



15 

Unsaponiti.ihh* matter 

035 

‘.5 -45 



Remarks. 

'1 lie figuii- " guen b\ undoubtedU genuine samples of butter lat aie 
liable to consulercdile vanation. This is espec ially tlu' (Mse in regard 
to the peM;entage of volatile fatty acids, 'riuis the Ki'ichert Meis.sl 
values have an exto me variation of almost loo pei nt. (see above). 

Special Tests. 

Rieehiier v.ilue— 20 to 26 (see practiial woik). 

(</) Insoluble Jjai)ia value - usually below 260. 

{/>) Soluble „ „ — 55 to 67. 

a - (200 ^ f>) is lit 

Chemical Composition. 

liutyiic and occur', to the extent of 4-5 to b per eeiit f)f the 
mixed fatty ai'ids, capioic a<'id probably about i jicr cent., caprylic 
ami capiic ands together about o'] per cent. Amongst the higher 
satuMied acids have been recognised lauric, myiistif:, [lalmitic, 

1 l'i)Li .in<i WeaoM. “ V.'in Kijn. " I’ehnAc. '' S«c [j.iges I5<S, 160. 
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Stearic and arachidic. OU;ic is normally the only unsatiirated acid 
present (except in small quantities), but linolic and even linolenic 
are said to have been found. 'I'his wouhl undoubtedly be due to 
the employment of food containing glycmides of tliese acids. 

As in the case of tallow, and jirobably many other oils and fats, 
the glyceiides are — mainly at any rate — of a mixed character. Ot.KO- 
I'ALMi ] o-imi VRiN has lor instance been isolated. 

T'hc^ chemical composition vaiies somewhat widely in different 
samples of butler. The comjiosition apjiears to depend on the 
breed of the ('ow, the mean temperature to whic'h it is exposed, the 
kind and amount of its food, and tlu^ periocf of lac tation. 
Adulteration. 

Owing to its high price and enormous c'onsumption. no ('thcr^oil 
or fat has been so s«b)c*ct to sophistic^afion as butler. FuitlTer, the 
adulteration has kept, if not ahead, at all evi*nts well abreast of the 
analyst. Unfortunately adulteranon of a systematic character is 
facilitated by the natural variations of pure butler itself. 

The practice of analysts a few yc-ars ago was to bast; their 
conclusions on the Rkiculki-.M kissi test, tlic‘ amount of adultera- 
tion with lard, or oleomargarine being jude<‘d by the proportionate 
Icjwering of this figure. Although this method did not revc.‘al 
adulteration of butters nate'-ally rich in volaLilc- acids, ii ga\e on the 
average a fair indication. Since, however, eof'omit and 'pahn kernel 
oils ha^'O been extensivtdy employed for eht'apening butler, this 
method breaks dc)wm, as it is pcjssilile to use up to 20 per c'ent. of 
these oils without their being delc;cted by this test 

I olenske and others thc-u showed that a reliable method of 
distinction could he based on the fact that coc'oiuit and palm kernel 
oils contain more msolublc volatile a^nls than InUicr lat. by tiltermg 

. . N . 

these acids off, and neutralising the alcoholic' solution with alkali, 

a figure was obtained wdiicdi he termed the new butter value.” 
Coconut gave value’s of 15 butter fat rh-3'5- I'urlher, 

Folenske established that generally speaking, these values were 
proportional to the Reichert- Mcosl values, and he constnic'ted a table 
(sec page 175) showing the apiuoximate values for corresponding 
• Reichcrt-Meissl figures. 

A further elaboration was introduced by Kirscliuer, depending 
on the fact of the comparative solubility in w^ater ol silver butyrate, 
and the comparative insolubility of the caproate and caprylate (see 
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37)* By obtaining the silver salts and filtering olT the insoluble 
ones, he obtains a measure of the butyric acid present in the sampled 

Another method, due to Ave-Lallcwtut^ is based upon the extent of the 
soluliiliiy of the barium sails of fatty acids of butter and other fats. The results ^ 
are calculated to barium oxide, and the figure for the soluble salts is incieused by' 
an arbitrary amount and subtracted from that of the insoluble figure so as to yield 
in the case of butter fat a m'utm quantity. Adulteration witli lo iier cent, of 
coctuiut oil or of laid gi\es a plus figuie in both ca'.cs. In this way it is presumed 
that adulteration with lo per cent, of a mixtuie ol lard and coconut oil can be 
delected, while neither the Reichert-Meissl noi the rolciiske value w’ould yield 
conclusive results. 

In all cases where, adulteration with vegetable oils or fats is 
suspected, it should be confirmed by the Thytosteryl acetate test 
which is the only absolutely reliable guide. 

' Further, great circumspection in the interpretation of results is 
necessary, and too great reliance must not be placed upon small 
observed differences from the figures hilheito obtained in the various 
tests as being conclusive evidence of adulteration! 


II. Technical. 

Source. 

Cow’s milk. 

Content of fat. 

Milk contains 3 ’o- 4*5 percent, of buttei fat. The milk of Jersey 
cows is richer in fat than other brei*cl.s. 

Preparation. 

T he anhydrous fat is rarely piepan d. 

Blitter, obtained in the dairies by a [irocess of churning, contains 
8-i6 per cent, of water, and ciud (casein) with milk sugar (aggre- 
gating I to 2 per Cent.). 

For further details of maniilacture tlie student is referred to 
\\orks on dairy chemistry, etc. 

Uses. 

As staled above, almost entirely used as butter, the anhydrous 
fat being rarely prepared. In the ca.^e of “renovated butter’’ (so 
called; the fat is Ireed from the curd, etc. of stale material and 
cmui^ified with Iresh milk. It is said to be detected by examination 
with the polariscope. 

Bolton, Itichmond and Revis [Anulyst^ 1912, 87 , 183) lia\e slnjwn that the" 
rt'UMon-,liij> In twifii the l’o!eii''k« and Kiisc Imoi valut a is \rry sensitive and 
constant, 'riicy rl.iiin bv this iiuMit', |,) d«‘iccl the pu-M-nci* of little as 1 per cent, 
of buttci fat in m.irgaiiuc in the pu wtu t oi coconut oil, or palm keiiicl oil or both 
together, bee als«, Ciaufield [Auulysl, 1913, 
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Table of Reichert- Aleissl values, and Polenske^' values 
corresponding to same. {Polenske.) 


No. 

Reichert- 

Moissl 

Polenske 

No. 

Reichert- 

Mei.sl 

Polenske 

1. 

19-9 

1*35 

18. 

26'2 

1-9 

2. 

2 \ '1 

I ‘4 

19. 

26’ 5 

r9 

3 - 

22’S 

I '5 

20. 

266 

1-8 

4 - 

23'3 

1-6 

21. 

2C7 

2'0 

5 

23‘4 

i '5 

22. 

26-8 

2 0 

6. 

23-6 

17 

23- 

26*9 

2‘I 

7. 

24-5 

1*6 

24. 

•26-9 

1-9 

8. 

247 

17 

25. 

27-5 

1-9 

9 - 

24'8 

17 

2(\ 

27-8 

2 ’2 

10. 

24-8 

1*6 

27. 

28-2 

2*3 

u. 

25-0 

r8 

28. 

28-4 

2*3 

J2. 

251 

1-6 

29. 

28-8 

2‘2 

13 

25’2 

r6 

30- 

28-8 

2-5 

14. 

253 

r8 

3 >- 

29*4 

26 

15 - 

2 5 ‘4 

1-9 

32 - 

29-6 

2 ‘8 

16. 

256 

17 

33 

29*5 

2 5 

17 - 

25-4 

17 

34 - 

3 ^' 

30 




LIQUID WAXES 


THIi; SPKRM Oll^S 



B. NON-GLYCERIDES 

(a) SAPONIFIABLE 
I. LIQUID AND SAPONIFIAHLK 
This jrroiip comprises the liquid wwls and all its members are 
obtained fiom marine mammals. 

The most important analytical data are the S])erdic j^r.ivity (i), 
X’iscosity v5), vSaponitication value (to), Unsapomhable (,15). 

CHAPTICR XHT , 

CLASS VIIL THL SPKRM OILS 
160. 'fYi’icxT, Mfmhkr sperm OIL. 

I. General and Analytical. 

Character. 

Colour paU* vol'ow to heht brown. 

OtJOUR — odourless to distinctly “fi^h).’ 

Stkarine’’ 'spermacetr' depositerl at oi(linat\ umipciatuies, but 
'•Winter Sperm" is free fioin solid wav. 

Physical and Chemical Data. 

Av' r.u'c I'mi 1! I' ou'iin’s 



l ca 


V V i.itiiJii'. rC\.oi lied 

1 

Sj)ccitir gra\ity 1 5 ’ 5 ’ 

•880 

•878 - 8S3 

^3) 

.^o!idirym,;> point mi\ed fatty 




acids ( -L alcohols: 

11-5 


■'4} 

Kefrartive index 40 C. Z B.) 

52 

50 54 

‘5) 

\'is'(isit\ (f) y irK>) .It I Vs C. 

42 


( 6 ) 

Solubiht). riue X'alenta 




/ 'x 10 




80 

10 5 



Ab:ohol reagent 

68 ' 


8 . 

lodiiu- value 

86 

S4 -90 70 •4- — 96'’ 

( 10 ) 

Saponification \alue 

124 

T 2(1— 1 :/) - 1 50 3' 

( 11 ) 

Insoluble bromide value 

2-5 

i-i - 37 

(13i 

Acetyl value 

5 

4*5 f >'5 

.'141 

Acid value 

1-6 

• 5-3 

■16) 

1 J n sa j Jon i fiablc ma der 

40 

3 <i - -42 

1 

rr>ei anti Weston. “ Dunlop. 

" IJloxaui. ■* Lcndler. 
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Cll. Xlll] 

Remarks. 

Note especially low specific ^Tavity ( 1 ), low saponification value ( 10 ), 
hij^h unsaponifiable ( 16 ). 

Chemical Composition. 

Sperm oil consists mainly of an ester consisting; of a monohydric 
alcohol and a fatty acid apparently of the oleic series. I'lie exact nature 
of these is stdl unknown. It also contains varying projiorticjns of the solid 
wa\ s|)eima(eti (q.v.). No gl>ccridcs^ are normally pieseiit. 

Adulteration. 

Frequently practised. The usual adulterant is a fatty oil, such as 
whale or seal oil. 'I'his is readily estimated by thje amount of ( iLYtaaciNK 
yielded on saponityin^ ". 'I'he saponification valuti is also iiu teased by 
the addition of a fatty oil. A judicious mixlun^of a mmcial and fatty oil 
may however be used for adulteration without increa'iii}; tlie ‘:.iponili(.ation 
value. 

Mink.kxl cut., with or without l.itty oil, may be recoj^nised by the 
acetyl value of the unsajionifiable matter. 

Adulteration with mfxtuies of nuiiLial .ind fiUy oil.s may a'so he detected by llie 
specific j;i.i\il), ci'inbmed vMth the riasli point tcbt. 

II. Technical. 

Source. 

From the blubber ami the head of the SJhrni or Ouh ilot whale. 

Yield. 

Cows, 2I to 3 tons ; bulls, 7 to 9 tons. 

Industry. 

Tlie oil fiom the blubber and Insid is usually k^'pt seji.uate, the latter, 
at first liijuid, becomes thick on standinji. '1 lie sfdid sperm. u cti is removed 
by rcfr.qer.itiny^ and pressin}^. 

Aci’ordiny to tlic loniu'ss of the tem|)eratiire employed, an od of 
coiiespondinyly hi.qli or low “cold test*’ is piodtued 'Die yield ot oil is 
about 7 of the original product. .V fuither yield of c rud'a ml is obtained 
by a second pressing of the crude brown wax at a liigiuM leiujieraluie. 

'I’he oil IS usually bieaclied. 

Uses. 

Fonii’. a valuable lubricant for light a..d high Sj ced machinery as it 
has no “guinining ’’ tendencies, and its viscosity does not (all oft" at high 
temperatures to the extent that oilier lubruating oils do. It is vciy 
extensively imUaled with mineial distillates, the so-called “mineral 

Sperms.” 

• 

^ See however Fendler, Chem. Zeit. 1905, 555. 

" Since however genuine Speini oils li.ive app.uently contained glycerides, 
this may not be taken as a quite final proof of adulteration. 


12—2 
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§161. Arctic Sperm Oil — Bottlenose Oil. 

\’urv clo^sely smmlales Sperm oil in nil its piopertics, but is of less value on 
acoouiU of il■^ grealei tendency to “gum.” 


II. SOLID AND SAPONIFIAHLK 

§ 162. This group rouipiiscs the iuiIhimI nniin.il and vegetable waxes, 
and the uiinei.il waxes known as “bitunicn waxes,” extracted from 
inincrah/ed vegetable matter, such as lignite and brown coal. 'I'he bitumen 
waxes aie distinguished iiom the natiu.d waxes by i ontaining no alrnhols, 
the uusaponitiablc consltiuents being li) diocarbuns only. 



THE NATURAL WAXILS 

Vegetable waxes. J'v picul 7 vua , (''arnanlxi wlix 
Animal waxes. J'ypica! wax^ Ik'cswax 



IL SOLID AND SAP0MTKIA15LE 
ALCOHOLIC 


CHAPTER XIV 

CLASS IX. THE NATURAL. WAXES 

§ 163. A^ previously stated, there is no rhemiral disiinction possible, 
as in the oils ami fats, l)ei\veen waxes from animal and fioin I’cgetablc 
sources. I'lie vegetable waxes are all of higher melting point, are more 
brittle, and h.ive almost alwa\s a nioic or les.s pronounced aromatic odour 
on melting. The analytical data of import. nice .ire (i), (2;, (4), (<S), (10), 
oio 04;, 05;- 

^ 164. Vi(.Kr\r.LK W\xks. 

Those are a numeious class, but .ire mostly hltle known. They all 
occur as an excretion on the surtace of the leaves and stems of pl.’ints. 

The typical member is Carnauha r.'.M, and the only othei wax 
important commercially is Candehlla wax. 

.^165. 'rvi>ir\i Wax. CARNAUBA WAX. 

I. General and Analytical. 

Character. 

Light yellow to dirty gremi (or bleached white). 

Odour of m w nunvn hay on melting. 

N'ei) bard and brittle. 

Physical and Chemical Data. 


Awi..^.' I Nti.il V\tK'n,es 

'I', st tUui' V 111 . limns 


1; 

Spcrdic gi.i\it> 13-5 C. 

•998 (/;— 1 ‘o 


2, 

Melting p«>int " C. 

84’ X 3-5 -X 4-5 

83 ' — i;i - 

/4; 

Refractive index 40 C. Z. Ik) 

67 


6; 

Solubility. Acetic ai id 

m'.oluhlc 



Alcohol riMgent 

82 •> 


8; 

Iodine value 

13 


10; 

Saiiomlication value 

80 78 83 


13) 

Acet>l value 

65 


14; 

Acid value 

2*6 2 3 

0 * 3 ^- 7 * 0 ^' 

•15; 

Hnsafiomfiable matter 

66 


Remarks. ( 4 ) is :,>r 80'^ (\ 

.Old lalculaird tn 40' C. 

(lO) u(|Uircs 


strong alcf.liolir pr,i;mli. (1ft) ('DUsists oi .ilcohols .nii'l liytliocaibons. 

' Stuickc. ® Scluedlcr. trycr and Weston. ^ beig. ■' Jlciniques, 
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Chemical Composition. 

Not fully confirmed. Sturcke arrived at the following com- 
position : 

/ (i) Ccryl alcohol. 

I (2) Myiicyl alcohol. 

J A (lihyflric alcohol, C2 ,,Hv.(),. m.p. to3-s"C. 

j (4) Carn.ulhic acid*. 

I (S) An hydroxy acid, 

and also a hydrocarbon, m.p. 59“ C. In addition Lra'hmitsch is of 
opinion that free Cerotic acid is present. • 

Adulteration. 

Its high price offers a great inducement to adulteration. 'The 
point would be reduaut by almost any adulterant ; hence ilus 
is an imiiortant critefion of purity. 

The ('omnionest adulterants are Paraffin wax, Ceresin, and Stearic 
acid. The two fetrmer imaease the percentage? of iinsa]M)nifiable 
mattei, and the latter the acid value. 

Ja|)an wax is determined by the percentage glyce*’ne yielded 
on saponification. 

II. Technical. 

Source. 

From the leaves of a South American Palm {Co/yp/ia cenfera) 
found chiefly in Brazil. 

Yield. 

One hundredweight of wax is the [irodiua ol about 10,000 leaves. 

Method. 

The leaves are picked before fully (‘\teii(U‘d, sun dried, the 
powdery wax removed from the dried le.ives and meltial over boiling 
water. 'I'he cake formed is broken and taken to the coast towns lor 
shipment to lOuropc. 

Refinement. 

By remelting and stiaining. It is bieach^Hl by treatment with 
potassium dichromate or with Idilltr’s earth, and par.iltin wax is 
often added, thus lowering the melting point. 

Grades. 

Yellow flor. Fatty giey. 

(dialky giey. Bleached. 

The chalky yrey often coni.n’ns n.iich iliit amPsandy mailer. 

1 (leiotic aciil? The chief c>.tei prcbonl is uppauntly inyiicyl ceiotate: 
niyricyl alcohol exists also ficc. 
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Uses. Carnaiiba wax, owing to its hardness and high melting 
point, takes a fine hard gloss on rulihing with a cloth. On this 
account it forms a valuable ingredient of shoe and furniture polishes. 
It is also a constituent of high melting-point candles, phonograph 
and gramophone records, and insulating materials. 


Candelllla Wax. 


§ 166 . This \va\ i.s oht.iineil from tiu* slcm <>l ;i loiilless (tlu* Pf.dilnii tints 
/>aroni\), growing clnctly in Mexico. It is ohtainctl by boiling the stems with 
water or by extraction of the uax w ith petiolciim ether. It is brownish to greeni'^h in 
colour with a char.icteiistic oHoiir on melting. It is not so hiinl as Cainauba wax 
and does not take such a line judixh. hut is employed as a substitute for it in the 
manufacture ol boot polishes'and foi '.molar uses, 'fhe chemical composition is not 
full) known, but a hydrocarbon (llentuacontaiie Cuol !,,.>) has been isolated fiom it. 
Melting point. 6S —70 Ai id value, 10 --20 

'^ocufic giavity very variable. ’94— *99. Sap uiiilicalion value, 46 -63. 


Solubility. 


Acetic acid I . , , , 

... V invduble 

I rue Valental 


AbohoP i 'agent 63'-, 

§ 167 . r>lhcr waxi"- m this gtoup are Flax w’ax, Palm wax, Uaphia wax, 
Gondang wax. (\ane .Sugai aax, for iidoimation ot which the student is referied 
to uioic detailed work-. 


Animal waxes. 


Tlw'se arc: obtained fiotn a gieat v.irieiy of sourci's and have' little ip. 
common except then* .ibsent c ol •,!)< (•»ules. 1 vp'x .d Wax, /otWTt’iU*. 


§168. WOOL WAX. 

I. General and Analytical. 


Character. Pale yellow translucent. Dibtiiutue onoi'K. 

Imk tuolp 

0 )\SISTK,NCV. 




Physical and Chemical Data. 





llsiri! 

K\ 0 ' HU'S 

Test 

ti-iirf' 

\.U 1 l! lull 

reLDrdt.ll 

1/ Sjiecific gr.i\ it) 15 5 C. 

•946 



'2) .Melting point 

35 

3* —41' 


(4) Pefiaclixo index 40 G. 

1-480 

1-478 - 1-482 


' 8 ) Iodine value 

25 

17 26 


lOy .Saponification \alu(* 

102 



13) 2 \cctyl value 

23 



(14) Acid value ^percentage'' 

60 



16) Unsaponifiable inatlei 

43 




Chemical Composition. 

Not full) known, ('onsists of a mi.xtine of neutral esters and freq 

^ Oandclilla wax+ 10 per cent, p.natlin g.Tve 72", 

»i •« + .b » '> 0 >> >> • 

Fryer and VVcsion. 



CH. XIV] 


NATURAL WAXES 


185 

alcohols, anioiiK" whidi occur clioleslerol and isocholcsterol (page 62). 
Among the esters, Lanockkin has been definitely proved. 

Adulteration. Not usually adulterated. Ghceiides and mineral 
waxes would be detected as under beeswax (q.v.). 

II. Technical. , 

Source. Wool wax is the natural g lease from the fleeces of sheep. 

Preparation. 

In the tre.itmc'ul of wool the grease is removed by treatment with 
weak soap or caibonatc solutions, or b\ means of vokitile solvents. In 
the first method the suds are run into a large tank and acidified. The 
grease rises to the siiiface and foims the “ brown* grease ” or “recovered 
grease” of commerce. This is puiified by processes (some of which are 
the subjects of patents) and foims, together with alioiu 25 percent, water, 
the “Lanolin” of commerce. Another method is to distil tlie gre.isg. 
The distillate is then prcksscd, forming o/rase .stca) * 

Properties and Uses. 

Although insoluble^in water, it possesses the proj^erly of absorbing up 
to 80 per cent, of it.s weight of water. I*'or ihi^ la ason it fornv a valuahi. 
medium for incorporating medicinal substances in solution to be used as 
ointment. It is also ('mployed for supeifattmg toilet soaps. 


§169. Typical Wax. BEESWAX. 

I. General and Analytical. 

Character. Light yellow to dark greenish-brow n (foreign). Sweetish 
characteristic ODOUR (often recalling honey). Faiily biiitle, but plastic 
when warm. 


Physical and Chemical Data. 




Average 

Usual 

E\liemi-s 


Tfst 

fi-.ni'f* 

variation , 

iccoiilc \ 

(1) 

Specific gravity 15*5 C. 

•965 

963- \y6(, 

•659'- -975- 

'2) 

Melting point ” C. 

03 

62- 03-5 

6o*5'‘— 76'^ 

(4) 

Refractive index 40“ C. 

44 

43 45‘5 


(0) 

Solubility. Acetic acid 

insoluble 




AlcohoH leagent 




(8) 

Iodine value 

9 

8- 11 


(10) 

Sapomlic.ition value 

95 

93 97 

817' — 150' 

(13) 

Acetyl value 




114 ) 

Acid value 

20 

18 — 2 r 

4-4'‘— 25'S 

(16) 

Unsaponiliable 

55 5 

55‘3 


unsapnmuanic 000 55 3 -55 0 

n o \ jy /sapon. value - acid valucX _ ^ „ 

“Ratio-number” - . — |=3-6to3*8 

^ V acid value / 

(4) Is estimated at 80 and calculated to 4o%C. 


^ Deilze. llagei. Hooper. ‘ Decs wax 1 10 p.c. ceicbin gave 82°. 

® Eryei and Weston. buisine. ^ Buchner. 
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Note. Beeswax is imported from a large number of foreign countries. The 
above figures refer mainly, except in the to the Home product. 

Foreign uaxes give greater normal v.uiations in the figures stated. 

Chemical Composition. 

Beeswax consists principally of MYKiriN (m) ricyl palmitate) anfl 
CKRtM'ic ACID. These are in the proportion of 6:i. In addition it 
contains small quantiti(‘s of free alcohols — myiicyl and ceryl — and of free 
mclissic acid. About 12 14 per cent, of hydrocarbons are also piesent. 

Adulteration. 

Beeswax is very liable to adulteralion ; besides the addition of oilier 
niatc'rial after its production, it is now a common prai tice to make 
artificial honeycomlis of paraffin wax or stearii* acid and to place m the 
lii\e. The resulting wax will thus be laigely adulteratefl. 

^ Bkki ntiNARY Ti sr. 

tbssolve a little in chloroform, allow' to ,*:r\ ^t.illise and examine 
cryst.ils under muMoscope. l*urc wax gives duml) bell shajicd tufts of 
cur\ed noedic'^. With to percent, of par.itfm w'ax^or of tallow or stearme, 
llu' shape of the ci\st,d^ is alien d. 

A. The /;/</<’ c is a useful soiling lest. Tala n .it ^4 and 
rediu ed to 40 , 

[^teai.r .LI 

Ij.ipan \Mx 47 -49 

jC.irnui! I v,.t\ 0: (nj 

(liccsuax f2 -45. 

B. The r/>cc // 7 c and /f '.'/// are impoii.inl mdie.itions 

of [)UIU\ 

C. I lie ru’Ao 7'itmih'y is a good guide. 

f C uiiaul' ' w t\ 

f ip.iii \\.i\ II 

, It tcf ,, 

'‘pi iiii.K i ti h oteiuely high 

' \l>iile w i\ f)X 

I T.illow 4S 

j MeariC acid o 

; Ko'.in •iS — ’19 

j I’ar.ilhn w.i\ o 

' (.'cicsMi o 

D. Ghccri.L's detei mined by penenlagc of glvimol yielded on 
saponification. 

B. Stearic ai id. 

On boiling with 80 per cent, ah ohol and cooling (l gramme 10 cx.\ 
filtering and mixing with water, stearic af id, if present, separates as docks 
of crystals. If absent, only slight opalescence oicuis. 
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F. Ceresin and Parajftn. 

If {)resent, and in absence of stearic acid, lowered acid and s.iponifica- 
tion values will be obtained. An important test is that of Wkinwijrm^, 

• Saponify 5 giammcs of ihc wax wilh c.c. — alc'«)liolic potash ; 

cva])()ratc oli alcohol ; 
add 20 c.c. f^lycerol ; 
heat tdl solution ocems : 
run into looc.c. boihn<^' water; 

Ihire beeswax [;ivcs a transparent and ch'ar solution. 

With 5 ]ier cent, an i upwaids of hydiocarbons presL-nt, there is eloiidino‘'S. 

G. Rosin. * 

Licbermann-Storch test. The percentage is dctermiiKal by the 
Twitchell estimation (piefcrably after extratticn of die Rosm and fatty 
acids — see practical part). ^ • 

II. Technical. 

Source. ^ 

Secreted by the bee in digestion and list'd for huildinp htmesroinb. 

Method of Obtaining Wax. 

The old nu'lhod of obtaining the wax was b) inching the tombs in 
liot water, ddie wax was then strained to bee from siispi'ntlcd 
impurities. 

The melted and strained wax is now usually expressed, and tin' press 
residue boiled up and repressed. A second residae, (’oiitaimng lo to 1 5 per 
cent, of wa.x, is extracted by means of volat.le solvents. This gives 
“extracted beeswax.'’ 

Refinement. 

Hoc- wax is refiiK'd and bleached in the following manner : 

(1) J 3 y continued melting in water. 

(2) Uy sun bleaching. The wax is made into stiips or ribbons after 
the addition of 5 yier cent, of tallow and e\pos(*d to sunlight. 'I'm penline 
is sometimes used in place of tallow and piobably ai is as an oxygen- 
can ier. 

(3) Treatment with o/one, pot.as<=iiim ].jrmang.inate, pi^tassium 
dichroinale or hydiogcn ])eroxide. 

(4) A partial chemical bleach as in ( y) follow- d by exposure to 
sunlight. 

Bleached bi'cswax (“white wax’’) is Heavier, mou^ biittk', <ind has a 
smoother fracuire than unbleachi d wax. 

•Uses. 

Beeswax is mainly used in candle m.imi f.u lure and in the piepaiation 
of wax polishes. 


^ Chem. Zdit. 1897 , 519 . 
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§ 1 70. Spennaceti. 

Spermaceti is obtained as a solid piecipitate fiom the head oil of the Sperm 
and boitlenose Whales (yielding about ii pei cent, of wax) and also liom Dolphin 
aiul Shark oils. « 

It occurs in glistening' white masses, with crystalline structure. It is vciy 
brittle and can be readily powdeied. and is, when pure, fiee from taste and odour. 

It is refined by lemclting, ciystalhsing, and piessing and finally by tieatmenl 
with weak caustic soda. Chemically it consists almost entirely of nfin, oi cetyl 
palmit.ile. It IS useil for sperm candles, and for toilet purposes. 

( 1 ) Specific giavily 15*5® C. 'yfio' 

(a) Melting point 49" C.“ (reciystalliscd) 

( 8 ) Solubility. Acetic (st.ind.ird) 61 (deposits crystals) 

Alcohol leagent 44’* (deposits crjslals) 

( 8 ) Iodine value 3‘5 — 4‘o'^ 

, (lO) Saponitication value 122—130^ 

^(14) Acid value Not usiudly o\ei o‘5 per eent.^ 

.\dulter.ition is not usinilly practised, as the traiispaiciicy ol the wax i-. thcioby 
imp.iiied. 

§171. Intect Wax. 

Insect, or Chinev VVax is secreted by the “('oceus cerifeius/’ an insect of 
We.v.ern Chnu. The wax !•' obtained by plaung ihel.nvac of the insect on ceitaiu 
selected tKcsup which the insect creep->. and on the branches and twigs of wdiicli 
the w.ix IS deposited. 

;\s much of the wax as possible is lemoved by hand and the twigs arc then 
hoiled with watei, the wax, which llo.us to the surlace, being slammed oil. 

In>ect w'ax rcsLiubles Spermaceti but has a more fibrous structure and is moic 
o]iaqiic. Chemically it consists mainl\ of Cen7 tt')ota(i'. 

It IS not I irgely exjmrtcd, and is emjdoycd in riiiiia and Japan for candle- 


making and in the manufacture of polishes. 

( 1 ) Specific gravit) ifs C. o’yyo'' 

(2) Melting point M'. 81'’ 

t6) Vilubiluy Aciacaeid insoluble 

.Mcoled K.igent in>olul)le 

8 ) b Mime value 

Saponification value 92'* 


* Dictendi. 

* L'. wkowitsch. 


' Kendlcr. 
Allen 


hiyei and Weston. 
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11. SOLID AND SAPONIFIABLE 

(Z.) NON-ALCOHOLIC 

CHAPTER XV 

CLASS X. BITUMEN WAXES 

§ 172 . The Bitumen waxes form u link bet\Necn the vegetable 
n axes and the mineral waxes. The former contain cstt'is, and usually 
either fiec acids, or alcohols, or both ■ the lattei ( onsist of h\drocarL)ons 
only. Bitumen waxes contain apparently esteis* and free hitty acids, but 
no free alcohols. In this respect they re^fanble lignite and |)eat, the 
parent substances, which themsel\es are hoilies intermediate between 
\egeiable and mineral m character. 


^ 173 . The Bitumen waxes are obtained from Thuringi.in lignite or 
Lh'oivn Ciuil^ I’cat and similai substances by extraction with peti oleum 
ether. That obtained from Lignite (Brown coal bitumen wax) is teirned 
crude Montan IF/ix, It is brownish-black in colour, hard and brittle, 
breaking with conchtiidal fracture. It has a lustrous aiipearance, and 
bituminous odour oti friction or wanning. 

(.)n solution of the wax in hot ptlruh um ether or petroleum spirit, the 
greater pair of the wax is deposited on cooling, but al)out 25 per i ent. 
remains dissolved and has a resinous character. It is almost insoluble in 
turpentine and most other solvents in the cold. 

Refinement. 

T'here are three patented processes for tlie refinement of this sub- 
stance. 

(1) By distillation with superheated steam \n vacuo. This yields 
a light brownish product, which on pressing, gives a bgbl \)rownisb 
\cllow wax, and on further pressing and treatment with animal char yiel^ls 
a white wax. 

It lias a fibrous structure, is fairly brittle, and consists chemically of 
.MDM’ANIC ACID and an unsaiuraied hydiocarbon. The authors have 

* On distillation, hydrocarbons arc formed. 
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obtained the foUowinjj figureb for genuine waxes refined by this method : 

Appearance — light brown to white. 

Melting point 72'" — 77° C. 

Soluliility acetic (standardised) sol. at ivf. r. 

Acid value 73 — 85. 

Unsaponifiable matter * 45 — 30. 

Tlie montanic acid, isolated from the wax, has the roiiipo‘;iLion 
C27ll.'ir.^'OOH, and belongs to the satuiatcd series of fatty acids (see 
page 40). 

The still residues are used for insulating purposes and in the manu- 
facture of cylinders for phonographs. 

(2) Refinement by treatment with Sdlphuric acid'. 

The crude wax is melted with p.iraffin wax in the propriuion of 
30 parts of the former to 70 of the latter. The mixture is then treated 
with 10 to 20 per cent, of sulphurir .icid of 66 Be. (or stio iger) at 
to 200 C. with constant '‘stilling until evolution of vol.itile matter ceases. 
It is then mixed with animal charcoal, filtered, and the A\ax emploveil 
without further treatment, or hot pressed to lemove the fiaraffin \\a\. 

Ketined by this method the wax contains vei\ iniu h less bee aeid than 
that prejiaied by distillation (acid value 15 -20), has a nicltirg point of 
77^'— 84' and resembles Cercsin wax closely in appear ince. 

(3) Refinement by means of Nitric acid ' 

This patented piocess consists m treatment of the heated crude wax 
N\ith nitiic acid (sp. gr. — for a definite time. 'I'hc acid is removed 
by washing out with water. The wax is st'paratcrl from tiic resinous 
jnodiict of the .icid by lillr.ition 

The chaiMctei islics of this u.ix are similar to the wax picpared by 
tieatincnt with suljihuric acid, but it is purer and iiee from paiaffin. 

Ivjujfi and Dillon examineil .1 commercial s.imple ol ‘‘ montanin ’’ wax. 
This consisted of Montan wax partially neutialised with soda I'aboiit ^ of 
the total acid so neutralised) the effect of which was to raise the melting 
point to 97° C. 

Other bitumens yield similar products on like treatment. 


§174. Peat wax was obCiincd by Zalcuiccki and Ilausaiii.inn'* by the 
extraction of peat with alcohul. 

The bitumen waxe^, both crude and refined, are used in the manufacture ot 
polishes, phonograph and giamophoiie records and for insulating jiurposes. 

( 200,050 

102,909. English patent 1910. 22,500. 

* Vjeiman pacems .154,701 

\ ii0,i8i 
V if>o/>97. 
l207,4SS 

- (terman patents O'"* 

i^47..^57* 

y French patent 33S,736. 
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UNSAPONlKlAliLE; LIQUID. 

175 . 'I'his i^roup comprises the “Mineral oils,” a loose term for 
the products of Petroleum, Shale and Coal, and for the oils obtained by 
the destructive distillation of lignite, brown coal, and other partially 
mineralised plant substances. It also includes the “Essential Oils,” but, 
as stated in an early chapter, these lie outside the scope of this volume. 
[See howe\er the chaplei on Oleo lesins.] 
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UNSAPONIFIABLE 

LIQUIDS 

CHAPTER XVI 

CLASS XI. MINERAL OILS 

§ 176 . The Mineral oils, as their name implies, are those oils obtained 
either from the earth direct, or derived from earth products. These are 
dCvailed below. Petioleiim, the most important, belongs to the first group ; 
the remainder are deuved from mineral products. 

(1) Petroleum— a nalur«d earth product. 

(2) Shale tar oil --fiom destructive distillation qf shale. 

(3) Coal tar oil- from dcst' uctive distillation of coal 

(4) Lignite tar oil -from destructive distillation of lignite and allied 
substances. 

Petroleum or Rock oil is a liquid ixcurring in the earth’s crust 
in vaiious widely distributed areas, 

§ 1 77 . Its has long been the subject of vexed discussion. Many chemists 

have been of the opinion that it has had an morgamc origin. Thus BortUclot in 
1866 showed that the metallic carbides weie acted upon by water giving rise to 
hvd)Oca>bons. Byasson in 1S71 ascribed its origin to the .action of carbon dioxide 
and steam on iron or sulphide of iron at a white heat. Later the Russian 
chemist MendeWef pointed out the probability of the existence of large quantities 
ol iron in the earth’s interior, and agreed with Berthelot in his thcoiy of its 
forinalion by the action of water on carbides. In the year 1889 Meunier proved 
the pre'.tnce of v'.okaitc in a raeleoule, ami the following year Sokoloff diew the 
conclusion that hydrocarbons are piiimtive eaith sul)stance'> which have been 
distilled by the interior heat of the earth and bc'^n condensed in the poious stiata 
of the cuist. Another theory is that of Rob» (1891) w'ho considers that the 
explanation of tlie origin of petroleum may he found in the action of volcanic 
gases (sulphur dioxide, sulphuretted hydrogen) on limestone (carbonate of calcium) 
resuliing in the formation of hydrocarbons, wdth separation of sul[)hur and 
calcnim sulphate. 

The inorg.inic view of its origin has not been suppoiled by geologists. They 
are on the contrary unanimous in ascribing an orgamc oiigin to it, and are of 
opinion that in most cases petroleum has been formed in the strata in which 
it now occurs. 

Thus Stery Hnnt pointed out that porous beils containing petroleum are 
often found lying between similar porous beds which are pe roleum-free, and 
concludes that the petroleum must thus have been formed in situ. Newberry 
regarded peiroleiim as probably forineii by the slow distillation of shales by the 
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heat of the interior, but Orton points out that there is no evidence that even 
a temperature of 212 degiees Fahrenheit obtained at the depth of the lowest known 
shales. 

In 1895 Zalozieckl showed that adipocere, the fat from corpses, contained 
^ fatty acids which on subjecting to he.rt .and pressure yielded hydrocarbons. 

Bngler and Hofer both argue an annual origin petroleum. Fngler distilled 
Menhaden oil at a temperature of.^oo'^ -400^ and a pressure of several atmospheres, 
and obtained 60 per cent, of distillate c<»nlaining naphthenes .ind olefines and from 
which he isolated a fraction which was indistinguishable from ordinaiy eomnieicial 
kerosene. ITofer found little or no evidence of plant remains in peti oleum beds, 
but obtained it in a coral reef. Kramer and Spilker (1900 — 1902; ascribed Us 
formation to the action of heat on the waxy matter of diatums, and Ztesquereux 
to the decomposition of seaweed. Tlie true view .appears to be that different 
formalions have had various origins, but that the KngIer-lJ'»rer theory of animal 
origin is probable in most case->. 

The distribution of petroleum is world-wide, but tbo deposits differ 
in character and extenl. The prinrijjal deposits oca iir along wcll-c!cfined 
lines, often associated with the piincipal mountain ranges. 

Dining the uplieavifls of the earth in J)a^t ages minor folds of the bedi forming 
the e.ntli’s crust have been produced, which ]i.i\e nne-ted ann eolkctid oil 
\olalilKed from behju - till', 111 distiicts ollieiwi'-e baiicn of oil. 

The chief areas worked at (he present day aie .suuatcd 111 : 

1. America. '1 he principal Hehls aie m fkmnsylv.ima, California, 
Mexico, 'I'exas, Canada, New Brunswick and Ti mdad. 

2. Europe, flic most iaiportant fields are found 1 11 Kus^ia, (kdicia, 
Roiimania, llungaryand (iermany. 

3. Asia. In the neighbourhood of the C.ispian Sea, Sumatra, 
Boimo, Java, Bmmah, Japan and J^ersia. 

d'he lollowing aic.ipproMinately the propoitions of the total petroleum 
produced in recent times by the laiuuis i ountries ol the wuild : 


Aineru aC'^lalcs i 

55 

Russi.i 

34 

Sumalr.i j 


Java j- 5 


Borneo j 


Craluia 2 

75 

Roumania i 

75 

Burmah 

•'5 

I ndia 

03 

Canada 

•25 

Japan 

•^>5 

( Icrmany 

•30 

Other countries 

02. 


Thus Rus'?ia and the States together account for 89 per cent- of the 
world’s ouiput. 


13-2 
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§ 178. The character of crude petroleum varies greatly according 
to the locality. 

A laige amount of “natural gas” (i.e. low boiling point hydrocarbons) is 
invariably pio.luced along with the liquid. A very large proportion of this is^ 
wasted as there are no means for its collection and transport. 

Petroleum may be pale yellow in colour and of a limpid consistency, 
or brown, reddish brown to black, with green fluorescence, viscid 
to semi-solid in character. Between these extremes all gradations 
occur. The specific gravity varies from about 0*8 (77 1 known) to ro6 
(Mexican). The Flash Point from o" to 280° (Abel I'est). The odour is 
usually not unpleasant, but the Roumanian oils are distinctly agreeable, 
while those of (')hio, Algeria, Canada and Texas are offensive in character 
on account of the sulphur compounds they contain. 

For pcicenfage of solid hydrocarbons contained in crude petroleum of different 
origin rec chapter xvil, § 187. ^ 

The chemical composition of the crude oils also varies considerabh, 
and is more or less an indication of its geographical soiiu c. 

^ 179 , The chief constituents of tlic more important petroleums are 
as follows; 

A. AMERICAN. 

The specific gravity of the crude oil vanes from 77 to -82. 

1. Pi!KN8Tri.VANLaw. The ch.ef charaeteri'.tiC lyjHS of com- 
pounds found in these oils are 

(i) Pakaffin Hydrocarbons ; these form the greater part. 

(ii) Oi.FFiNK Hydrocarbons | these all occur to a small 

(iii) Bknzfne Hydrocarbons j- extent. 

(iv) Saturated CYCLIC hydrocarbons) 

2. CAtirOBWiAW. The specific gravity of the crude oils varies 

from *87-- '88. . . , 

These oils differ considerably from the I’ennsylvanian inasmuch as 

they nearly all contain nitrogen and more or less sulphur compounds. 

The cliicf types of compound found in the oils are 

(i) Pakafuns; these occur to only a small extent and consist of 

those member^ boiling below 70 C. ■ r 

(11) Olefines; these hydrocarbons form the major poition of the 

hydrocaibons of the crude oil. 

(iii) Benzenes ; benzene and several of its homologues are always 

(iv) Naphtha I. KNE ; this hydrocarbon has been isolated from crude 
Califoinian petroleum. 

(v) Asphaltic compcTunds ; a large proportion of these bodies are 
present ; they consist chiefly of carbon and hydrogen, but always contain 
sulphur. Their exact composition and constitution are not known. 
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.(vi) Nitrogen compounds ; these are always present in the crude 
oils and are probably derivatives of pyridine C.',H<;N and tjuinolinc C‘9H7N. 

(vii) SaruRATEi) cyclic hydrocarbons ; small quantities of the 
, series C„H5jn-‘2 ^md C„H2„_4 have been obtained from the higher boiling 
fractions. 1 

3. Canadian'. 'I'he specific gravity of the crude oils varies from 
•85 — *88. ’fhese crude oils are characterized by their hiyh content of 
sulphur. 

The chief types of < ompounds occurring in the oils are 

(i) Paraeuns ; these occur to a less extent than in J^ennsylvania. 

(ii) Or.KELNES; to a small extent. ^ 

(iii) Benzenes; these hydrocarbons occur to a greater extent than 
in Pennsylvania. 

(iv) Asptt \r/l'ic compounds ; theainouius of tiiese \ary but they are 

the chief constituents. ^ » * 

(v) T'lltoPHENEs ; these are charai tenstic of Canadian c rud(‘ oil 
and are cyclic compounds containing one .itom of sulphur per molei'ule 
(see § 36). 

4* Texas. Fhe ciude oils of this legion apjxMi to 1)C‘ intermediate 
between the paraffin-b.ise bearing oils of P<‘nnsylvania and the asphaltic 
base bearing oils of (’alifornia. Tho> arc al.so rich in suljihur, which is 
sometimes found in the free state. 

B. EUROPE. 

1. Caucasian, 'fhe specific giaxitv of the crude oils \'arics from 
*84 to *88. 'Phese oils differ considerably in composition from those of 
American origin. The chief types of compounds oci urring are 

(i) Napu'IHENKs; these form the major portion of ail the crude 
oils (see § 31). 

(11) Paraffins ; th.ese occur to n small extent, and then only those 
of low boiling point ; they contain less than one per cent, of those members 
which form paiaffin vax. 

(iii) Acids ; these compounds form a very small percentage but aie 
chaiactenslic of the crude oils ; they are juobahly acid der.vativcs of the 
naphthenes, and hence have been termed Naphthenic .Vcids. 

CHii-CHo-CH-CH, 

Oclonaphthenic Acid is | | 

Clio— CU, CU-CtJ OH 

(iv) Benzenes ; the lower members occur to a small extent. 

(v) Acetylenes ; small quantities have lieen found. 

2. Galician. These oils are, generally speaking, intermediate 
between those of Pennsylvania and the Caucasus. 

The chief types of compounds are 

(i) Paraffin.s ; the.se occur to a less extent than in l^mnsylvanian 
oil, but contain more of the higher members producing a higher yield 
of paraffin wax. 
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(ii) Naphthenes. These occur to less extent than in Caucasian 
and more than in rcnnsylvanian oils. 

(iii) Benzene Hydrocarbons. To a slight extent. 

3. Roumanian. These oils are very similar to the (lalirian oils/ 
but yield more of the low^r boiling compounds. 

C. ASIA. The composition of these oils has not been investigated 
so fully as those of America and Europe. 

1. BornSO. Two types of oil are obtained, viz. : 

a, A parafrtn-base oil. 

b. An asphaltic-base oil. 

2. Sumatra. The oils of this district consist chielly of paiaftins 
with a high content of low boiling-point members. 

3. Java. These oils in contiadistinction to those of Sumatra, 
thougji consisting chiefly of paraffins, give a high proportion of the higher 
members capable of producing paraffin wax of a High melting point. 

180 . Petroleum, as such, is not an article of rommerc e, but is usually 
subiected to various processes whereby useful pi^oducts are obtained, 
riicse piodiicts can be varied between ceiTam limits by alteration in the 
conditions of treatment ; during the last few years altciii])ts have been 
made to increase the yield of the low-boihng point oils, e.g. jictrol or 
gasoline. The following table gives the moie impoiiunt products com- 
mercially obtainable : 

1. American Petroleum Products. 

'I'he products usually marketed by the Amerii'an Companies may be 
conveniently divided into ibiec main classes, but the individual pioducts 
will vary with the locality fiom which the crude oil is oliiaincd. 


A. 

Light Oils. 

'Fliose 

oils 

boiling 

up to 1 9)’ C. 


N'.une 


i.G. 


H 1'. 

1 

I. 

C>mogene 




0^ r. 

For producing i old in refrige- 







laiois; not obt. unable in 







this coimti V . 

2. 

Rhigolene 


■60 

il: 

:-3 c. 

Medicinal purposes ; not ob- 







tain.ible in this t ountry. 

3 ' 

Benzme 

•638 

•660 

45’ 

- 60" 

Solvent for rubber, fats, etc. ; 







cleaning licjuid. 

4. 

Pctroleiiin ) 
Ether ) 

■650 

•666 

70 

90 

Sohent for rubber, fats, 
as])lialts; for making air- 







gas. 

5- 

Ligroin 

72- 

- 74 

120 

- 130° 


6. 

Petrol 

75- 

-77 

70' 

- 120^ 

1 Internal combustion engines ; 

7. 

Gasoline 



40’ 

- 70' ; 

\ solvent and cleanser. 

8. 

Benzoline 


- 

70 

- 95“ 


9- 

Naplitlui 



95'^ 

- 120”. 



N.B. TliLNC names arc very loosely used by diffeient manufacturers and 
, soinetuiiea denote i^uite diffeient products. 
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B. Burning Oils — Kerosene. Oils boiling from 150*’ — 300 . 

These oils vary considerably with dilTcrent firms. The different 
grades of oil are known by trade names, of which there are a great 
number. They are mostly graded according’ to Colour and flre-test. 

The colours of tlie oils are classed as 

1. Colourless termed Wafer-white. 

2. Pale-yellow „ Standard-white. 

3. Straw-colour „ Prime-white. 

The following brands of burning oils, marketed by the Anglo-American 
Oil Co., are obtainable in this country : 

White Rose, Royal Daylight, Crown Diamond, Finest American 
Lamp Oil, Petroleum Lamp Oil, oil for lamp^, stoves, or oil engines, 
Mineral Colza Oil. 

0. Lubricating Oils. 

A great variety of oils are prepared for this purpose. They jna^ be 
divided into two main*classcs, viz. : 

1. Those that are to be mixed wiih animal or vegetable oils ; these 
arc generally of l()w*s[)ei die gr.iviiy. 

2. 'I'hose used alone. 'I hesc cover a wide range of specific gravities 
and viscosities. 

The following brands represent some of the lubrcMting oils m.irketed 
in this country by the Anglo-Ameru an Oil Co : 

Lubricating oil, Pale luljncaiing oil, American filtered lubricating oil, 
American red lubricating oi\ lll.uk machinery oil, Daik cylinder oil, 
Cylinder oil, Pale crude lubricating oil, etc. 

In addition to these thri’e dashes of oils many firms produce tuo 
other important bodies, viz. : 

( [) Vaseline ; used medicinally, .as rust protector on iron, lubricant, etc. 

(2; Pitch; having a s.G. ot about r20 and M.r. 84*" — 83 C. and used 
as a cement, for \ainish making, aspli.ilis and as a fuel. 

2. Russian F&troi.eu]M[ Products. 

The yield ot light oils obtained fiom Russian petroleum is small; 
the chief objeetof the distiller 1-5 to obum a large residuum of oil, suitable 
as a fuel, termed “ Astatki ” or “ Ma/ut.” 'I'he following products aie 
those usually maikotcd. 

A. Light Oils. 

1. Light Benzine. 

2. Heavy Benzine. 

B. Burning Oils — Kerosene, .s.g. about *825. 

1. Kerosene. 

2. Sol.ir Oil. 

O. Lubricating Oils. s.g. *86 -*92. * 

'Fhe different grades aie classified as Fine oil. Engine oil, Cylinder 
oil, Dark cylinder oil, Heavy cylinder oil. Spindle oil and A.\lc oil. 
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D. Astatkl. s.G. *88 to *912 ; the usual yield of this product is 
from 50 — 60 7 o 0^ crude oil; its chief use is as a fuel in Russia. 

3. Galician Petroleum Products. 

The usual commercial products are obtained together with large 
tjuantitics of ])araffin wax. Ozokerite, a natural wax, is also extensively 
mined in Galicia (see § 189). 

4. Californian Petroleum Products. 

The Californian wells yield a large amount of gas which on subjection 
to condensation produces a good yield of petrol (g.isoline). 

Several of the usual commeicial products aie obtained, and in addition 
the residue, winch is of an asphaltic natuie, is used in the manufacture of 
artificial asphalt for paving purposes. 

5. Sumatra Petroleum Products. 

The chief jirodiu t is petrol, though some of the usual commercial 
jiro^ucts are obtained. , 

6. Borneo Petroleum Products. 

'I’he crude oil, as pieMously stated, contains bollj paraffin bases and 
asphaltic bases. 

The former yields the usual commcrri,il products as well as a fair 
(juantity of paraffin wax. 

The latter gives good yields of nil n oils. 

7. Java Petroleum Products. 

These oils yield a large proportion ol solid paraffins of high melting 
point, as well as some of the usual commcicial products. 

§ 181 . S H ALE TA R O I T.S. 

These oils are obtained by the destructive distillation of bituminous 
shale and brown coal, the latter being cliiedy w'oiked in Germany, whilst 
the former is worked in Scotland, Frame and Australia; there are, 
liovvever, vast denosits of suitable shale in \arious paits of the world, 
awaiting development. 

The crude oil is a veiy (omj)lex body containing many types of 
compounds. The following table gi\es tlie usual coustitueuts of the 
crude oil : 

A. Constituents of the purified oil. 

(1) Paraffin hydrocarbons , 

constituents. 

(ii) Olefine „ j 

riii) Naphthene ,, Small amount. 

(iv) Benzene „ Small amomU. 

B. Constituents removed during purification and obtained as by- 
product.s : 

i. Bases, (i) Ammonia recovered as Ammonium Sulphate. 

(ii) Pyridine and Quinoline dcrivativeb. 
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2. HYDR(JXV-C0M POUNDS. 

(i) Phenol. CrHsOH. 

(ii) Cresols. CH3. OH. 

3 . Hydrocarbons. 

(i) Pyrene. 

(ii) Chrysene. 

4. Tar. 

5. Cork. 

§ 182 . COMMERCIAL PRODUCTS OF SHALE. 

Various products are obtained according to »,he mode of distillation 
and the method of purifying. The following table givi s a list of typical 
products : 

s.('.. Usi-s 

1. Shai.e Spirit or Naph tha *66 — 75. I' uel for imernal co’iibiA- 

3 — 5 of crude oil. tion engnu's, solvent, 

making air-gas, etc. 

2. Burning Oil's 758— -830. Lamps and engines. 

20 — 30 of crude oil. 

3. Intermediate Oii.s -840 --865. For gas making and gas 

JO -20“/^. enr :hing, fuel for oil- 

‘^‘ngines, fuel for .steam 
M I s 1 n g, g rc' a se- m a k i ng, 
etc. 

4. Lubricating Oils 20 7 o' *^65 -t/x), I'or all lubricating pur- 

J)os('s. 

5. Par A FI- IN- WAX 2 «a 7 a» Candle making, vaseline, 

match.''-, waterproof- 
ing, e’a ., etc. 

6 . ('oKic 37 • Fiu'l. 

7. Tars 15 /, After purifying from valu- 

able bi)dies, as a fuel. 

8. C'lASEs. Heating stiils, illumi- 

n.iting, etc. 

LKiNITE TAR OIL (Brown Coal Tar Oil). 

This is obtaineil by the destructive distillation of Brown Coal or 
lignite. The lirown Coal is sornetmies almost indistinguishable from 
coal, but is frequently of a wotidy slrucluie. It ocf ms in strata of a more 
recent geologic age than coal (Eoi ene, Miocene, Olic.oc enk, whereas 
coal occurs in the Carboniferous period). Saxony is (he scat of the 
inclustry. If the Brown Coal is cxti acted with.solvents, it yields Montan 
Wax (ehai)ter XV). On destructive distillation, a lai is obtained of a 
buttery consistency, dark to light in colour, .ind either acid or alkaline in 
reaction. The ) leld of tar from the lignite varies from 2 to 10 per cent. 
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On fractionation the yields are as follows : 



Per cent. 

n.p. 

S.G. 

Character 

Benzene 

2- 6 

130" --170“ 

•71-75 

Chiefly Benzene 





and aromatic 
hydrocarbons. * 

PH 0 T(K.EN 

8- 30 

170°— 220*’ 

75---82 


SOI.AR OIL 

12 -50 

220’— 290'’ 

•82— -88 

Un.saturated and 




saturated hy- 
drocarbons. 


LUItRTOATlNG OILS 

15—30 

290" — 320° 

•88- -90 

Mainly saturated 


(})araffins) hy- 
drocarbons. 




Paraffin wax 
Residue water and 

r 5 --i 2 

\'>2 - '50. 

J 

above 320“ 

•8y--qi 

Paraffins. 

gases 





§183. 

COAL TAR OILS. 



The crude tar-oil olji.un(d during tlie mannfa(^ute of coal-gas by the 
destructive distillation of < oal is a veiy complex substam e ; the nature of 
the compounds forming the mixture, as well as the amount of each, varies 
with the kind of coal distilled and the temjxuatnres at whii h the distilla- 
tion has been cairicd out. The ( hicf componniK occunmg in ciiide tar- 
oil may be classified as follow’s : 

I. H\l)KOCARnONS. 

(i) Paraffins. A •^nlall amount of these are jne^ent, usually 
C.',Hi 2 nnd CcHn. 

'll) Benzenes. These compounds form the major puiiion of the 
hydrocaibons present. The following members are usuall) prcsenl ; 


Ikn/cne 

CJl.i 

n p. Si’ 

T«diiene 

(Vlls 

110'^ 

X}lcivs (0, ni, p,) 

f ^ to 

,, 0, 141 " ; ni, i.p/ ; p, 

P'.eudiK’uiuoiic 

CsII,,, 


Mesiijlciie 

(•. 111 , 

M ifi.V' 

Diitcne 

c,.,nn 



(iii) Naphthalenes. These form the greater pait of the solid 
hydrocarbon:* pie'scnt. The following have been isolated : 


Naphthalene 

c,on« 

M.l*. 7'/ 

a Melhylnaphthalene 

C'uHio 

i;.?. 240“' 


f'lllllO 

M.R 32-5, 

Diiiiethylnaplilhalcne 

C|',H 12 

I'j.R 262“ 


(iv) Anthracene.' This is the most important of tlic remaining 
hydrocarbons : 


Anthracene 


CnH,o M.r. 213' 
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(v) Other Hydrocarbons. These occur to only a small extent : 


Acenaphthene 

C12II10 

M.f. 

Diphenyl 

Cjrtf Lo 

.. 

Fluorene 



Fhenanthrene 

Cullio 

, , 1 00'^ 

Fluoranthene 

C15II10 

,, 109 

Pyrene 

CkjHio 

„ '49° 

Chrysene 

Cjglli. 

,, 25 ’ 

Relene 

Cislljs 

,, 9^' 

Pieene 

C.JI.4 

M .TP/ 


2. OXYCIKN ('OMPOITNDS. 

These compounds are liydroxy-derivatives of the hjdrocarl^uns and 
occui to a fairly large extent: they include the following : 

(i) Phenols. 'Ihese aic themoie importani. 

Phtnol , roII.'.OH M,P. 42 

^011 

Cresols (o, m, p) CoHi\ o, M p. 31 m, n.v. 201' ; ]), M.P. 36'. 

• ^Clli 

(li) Naphthols. 

a Naplhol CjoHrOli m.p. 8-)" 

j 3 „ CidU-OlT M.i\ I 13^ 

3. NrikodPN CoMPorNDS. 'rhese compjimds are all couiplex 
derivatives of ammoni.i, whuh is alw.iyb presi ..t to a small exieni in 
tai-oil, 

(i) Pyridines. 

1 yndine a.p. ii4.-8' 

a rxcolitie (a nielli)! i>yri(line) ('^ll 1 (Cl I .) N ,, 130"' 

ay Lutidiiu (a.y dmielh}l|niidiiu) ('5H3(CHj) A ir 7 

(i, 3, 5)-Collidine (i, 3, 5 lrimctlivlp)iidine) C ,1 Iw(C H;^) ,N „ 172 

(ii) Quinolines. 


L 

' puline (7 niethyh|uinoIiiif) 


<-y 

lo(Cll,}N 

B.P. 257" 

(' 

ivpluline (iluiu th\ hjuniolini;) 

C!,llr,(CHd,N 

,, ■T 4 ' 

(in; 

/N 

Acridine. Co!li\ 1 
^CJ 

1 

.Hi 

Nl.P. 110“ 


(iv) 

Aniline. C.jHftN 11 .^ 

Rl\ 

182^ 



(v) 

Other Compounds. 






Pnrvoline 

eVTuN 

15 H*. 

188'' 


Corindme 

Cioll 


„ 



Rubidine 

<nH 

„N 

M 



4. Sulphur Compounds, rhese occur to a very small extent. 

Thiophene C4H4S B.r. 84'^ 

Thiotoleiie CslIuS ,, 113 ° 
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§ 184 . Though tar-oil is a very complex liquid, the tar distiller .docs 
not attempt to isolate all the bodies it contains but confines his efforts to 
the isolation of a few very important ones. 

* The crude tar-oil is first distilled and the distillate collected in foqr 
fractions, viz. : 

1. Light Oil K.P. up to 170. 

2. Middle Oil „ 170' „ 230'’. 

3. Heavy Oil „ 230" „ 270 . 

4. Green Oil „ over 270". 

These fractions are then worked up and from these the following 
commercial products are obtained; 

1 . Benzols. 

(i) 50 per cent, llen/ol; a mixture of Benzene, Toluene andX>lene 

of which 50% distils below 100’ C. 

* ^(ii) 90 per cent. Benzol ; a inixtme of Benzene, 'foluene and Xylene 

of which 90% distils below 100 C. 

(iii) Benzene; pure benzene. 

3. Solvent Naphtha ; a mixture of benzene hydrocarbons. 

3. Naphthalene ; dulerent grades are marketed varying in ]>unty. 

4. Anthracene ; diffcient gi.ides are marketed varying in purity ; 
usual brands arc 40^’',,, 50”,'^, to 9o"/o anthr.icene. 

5. Phenol (Carbolic acid) ; giaides \ ary from pme do\^n\^^'lrds. 

6 . Gresols ; mixtures of three isomcis \arying in degree of purity. 

7 Creosote Oil; a very complex nnxtuie of hvdro.xy-compounds 
and hydrocarbons. 

8. Pyridine and Quinoline; the.se arc obtained in different 
degrees 01 purity. 




THE MINERAL WAXES 



UNSAPONIFIABLE, 

SOLID, 

NON-ALCOHOLIC 

This group comprises the mineral waxes. 

They arc all unsaponifiablc on treatment with caustic alkalies^ and 
they contain no alcohots^ but con\a\t cntiicly hydrocarbons. 

CHAPTER XVII 

CLASS XIL THE MINRRAL WAXES 

f- 

^185. Tiik minkrxl waxfs, so called because of thcii occurrence 
in the t'arih’s crust, may be divided into : , 

'those obtained b\ Distillation raialTin wax from Petroleum 
and Shale. 

(2) '('hose obtained direct by Mining Cb’okeiite. 

186 . PakaFFIN Wax is a hum me of s.itmated hydrocarbons 
of the C„IL„ + 2 senes. 'I he following; memliers ha.e bi'cm shewn to be 
present in < o.nnn‘rcial samples : 


Tricosane 


M V. 

Tetracosane 

f j»l b.(i 

50' 51' 

Pentacosane 

CV.H'.j 

53 - 54 ' 

Hexacosane 


55 

Octocosane 

C, H,. 

60 * 

Nonocosane 

C,.,Ho. 

62 r) 3 ' 


'! he (omm.-n ial samples of Paialfin Wax vary in their melting ])oint, 
the softer varieties having low(r melting jiomts than the hauler; the 
-ofter \ari<‘ti<''> not only contain lower members of the usual constituents 
but .dso more or less of the lu|uid membei s w Inch base not been removed 
dining the process of manufacture. 

f: 187 . 'I'be yields of Paraffin Wax fiom various sources are indi- 
. ated under ; 

I'Kl KULMJM. 

10-12 per cent, 
considerable proportion , 

rich m paraflin wax 


Upper Burma 
A-ss.im and Borneo 
Jaxa 
Timor 
Algeria 
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Petroleum. 

U.S.A. X 
Canada | 
Gnliria ^ 
Roumania J 
Russia, Mexico 

Shale. 

Lignite. 


moderate yield 

(about 2 per cent.) 

poor yield 
10-15 cent. 

5 —40 per cent. 


Properties. 

Commercial paraffin wax is a white to bluish white translucent, 
waxy material of lamino-crystnilinc structure. ,It is an i^xtremely in- 
different substance, beinj^ attacked only slowly by the strungest agents. 

It is freely soluble in mincial oils, ether and benzene, but sparingly 
soluble in hot alcohol. 

In tuibidity tests, insol. boiling acetic acid and aleoluj’ reagent » ' 

'I'he iiK'lting point vaiies fiom 35'' C. to about 75° C., the higher 
melting ])oiuts being obtained from the East Indian Wax. 

It is oxidised by concentrated Nitric acid yielding succifiii' and 
ccrotic acids. Chlorine attacks it slowly. Tleatcil with Sulphur it car- 
bonises with evolution of Sulphuretted Ihdiogcn. 

Vaseline. 

§188, This is the registered name of a product introduced by llie 
Chceseborough Manufaclunn;' Co. of U.S.A. It is obtainable from the 
American, Galician and Russi.m oils. 

The usual method is to dis'rolvc the residue in the stills, when this 
has reached a butteiy consistency, in 6 parts ot pen oleum ether, add 

times the weight ot animal char and treat for i- 2 hours. This is 
repeated until the litjuid is bleached, when the solvent, after separation of 
the char is cvnjiorated yielding an odourless, (olo'iiless or light yellow 
tasteless mass, wall a blue fluorescence, of melting [ omt 32" C. 

It has no erysiaUinc structure and gives no cry stalls from alcohol. 

The yield is about 12 per ('em. from Galician oiN. On distillation, 
vaseline yields oils and (rystalluic paraffin wax. 

It can be sejiarated into a solid and a 1 ; piid by precipitation from 
ethereal solution with alcohol. 

The hydrocarbons evidently dift'er in some way from those of the 
distilled wax. 

Adulteration. 

Many subsliiules are mpirketed consisting of paraffin wax dissolved in 
oij. ’ Often desei ibed as Vaseline, these are of course fraudulent imitations 
They may be recognised by ^.ryslalh/.ation froni solvents. 

Ozokerite. 

§189. The origin of Ozokerite is still, like that of Petroleum, a 
matter of controversy. It is regarded by some as an intermediate product 
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between natural fat and petroleum, while the commoner view is that it is 
an oxidation and condensation product of petroleum. As previously 
stated, it has been found in a meteorite (Meunier, 1889). 

^ 190 . It occurs very widely distributed: but is mined principally/ 
in Galicia. It is also fvund in 

I Austria 
Servia 
Egypt 

Tcheleken Islands 

I Orange Free Stale 
Utah 
etc. 

Galician Ozokerite is principally mnie.l in the neighbourhood of 
5 orvslaw, the industry having commenced about the yeai i860. 'I he 
production has decreased in recent years Tints from 9000 tons in the 
year 1874 it rose in eleven years to 13,000 tons, but decreased during the 
following twenty years to 4,000 tons • 

§ 191 . Properties. 

Ozokerite is very vat iable. It ma> be quite soil or as hard as gypsum. 
In colour it vaiic*^ from a light ycllv)w 10 a dark greenish blown, 

Sp. gr. *85 to -95. 

M.P. 58 ’—100^ C. 

Soluble in all oil solvents, and in boiling alcohol to extent of 3 pet cent. 
In turbidity le'sts insol. acetic acid and aleohol reagent. 

It is plastic when heated, and is elatritied on rubbing. 

The refined product is known as Ceresin (for description of Refine- 
ment, sec § 232). . . j 

It differs from paraffin wax in being plastic and non-crystallme m 

character. 

It consists of a mixtuic of by dro« aibons. 

Melting ]Knnt usually 65 75 

§ 192 . Uses. 

Ozokerite is employed as a substitute for beeswax, which it resembles 
in its plastidty. It is largely adulterated with paraffin wax, many so- 
called “ccresms” being m fact entirely paraffin wax. 

'I'lie vicltitv^ point is usually lowered by addition of paraffin, and 
this is compensated for by adding Rosin. The latter is however readily 
detected and c<in be estimated by ascertaining the acnl valueK 

> It is .‘•lifer to make .iRo a IVitchell eslimation of the Rosin, in case steaI'IC 
acid is also present. 



SECTION V 

PRODUCTION AND RKKINEMRNT OF OILS, 

FATS AND WAXES 

CHAPTER XVIII 

FATTY OILS, FATS AND NATURAL WAXES 

^193. Oils and iiits, as they oi'cur in j^lant and animal tissues, arc 
enclosed within the cells which form the h.isis tif animal and plant 
structure. In order 'to fiee the oil it is ;;enerally necessary to rupture, in 
some manner, the cm losing (cll membrane. This may be accomplished 
in the following ways : 

1. By heat. 

2. By grinding. 

3. By pressure. 

'fhe modern method is to * mploy all three agencies to free the oil more 
or less completely from the tissue in which it is contained. 

An entirely different method, and one which has only come into use in 
modern times, is to dis.soKe the oil by the action of volatile solvents, 
the latter being subsequently evapoi.ited off. 

The waxes, on the oilier hand, do not normally occur enclosed within 
cellular tissue. The \egetable w'axes exist mainly in a free form on the 
surf.icc of plants, wliilc beesw'ax is dejwslted in the free condition as the 
honeycomb. “.Sperm Oil” and “.Spermaceti'’ are mostly contained in 
the cavities winch occur in the liead of the .Sperm Whale. 

§ 194 . As oils and fats are^found and employed almost all over the 
inhabited globe it follows that the metliod.s employed to prepare them 
will be very divmse. In those countries wdioie iittle or no industrial 
progress has been made the primitive arrangements tor obtaining the oils 
will still survive, wliile these will be siipeiseded to a greater or less 
extent according to the influence which PTiropean civilisation, with the 
development of modern macliinery and methods, has had upon the people 
concerned. In many cases, while oil is prepared by the natives of the 
country for their own use, a great amount of tlie oleaginous material 
is exported to Europe or America and there tre.ited with modern 
appliances. 

K & W. T4 
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The history of the methods of oil pro(lcn:tion from the earliest pre- 
historic times is thus exemplified by the means employed in various 
countries in its preparation. Of these, the most primitive method of all 
consists in the use of natural agencies, as for instance, exposure to the heat 
of the sun, in the case of coconut, and the fermentation produced by the* 
action of air and warmth in the case of Palm fruits. A similar case occurs 
in the Japanese fishing industry, where tlie fish are often allowed to rot in 
heaps until the oil exudes from the decomposing mass. A more en- 
lightened method consists in the employment of pressure in some form, 
and the use of fire heat or boiling water as a means of freeing the oil from 
the material in which it is contained. Native, methods, still in vogue in 
many parts of the world, lepresent the simiilest forms of the modern 
processes of nmh'ring by heat^ and of cxpriw^ion. These will now be 
considered in detail. 

<‘RKNI)Krin(;. 

This method is applicable mainly to animal tii/sue-. from which the oil 
.ind fat is more readily yielded. 

The old method ol employing fire heat was op«n to many objections. 
I.ocal o\eiiieatmg, lesiilting in iHirning and discoloiir.ition was almost 
unavoidable, and nosious volatile picdiuls weie evolved which created 
a nuisance. 

Ihc use of boiling w.itci. or ‘'team in opi n pans, was subject, though 
in a lesser degiee, to the .^ame ohieitioiis to odour, and the employ- 
ment of clo.sed vessels, termed digesters, has now bei'ome veiy general, 

A digester (of which an illusiralion is given on Plati' II) consists of a 
vertical boiler, usually of iron or steel, in which llie tissue to be rendered, 
after being chopped or sliced up, is placed on a fake bottom, and steam 
at varying pressuies is admitted. The oil is readily freed and floats on 
the surfaee ol the condensed water, while the “greaves” or lesidiial tissue, 
which may still contain fat, is usually lieatcd ag.iin, u^mg a small pro- 
poilion of acid. The effect of the acid is to fuithci set free the K'lnaming 
fill bv its co.igulallng cutting ") etfect upon the cell inembi .ines. 

Tow ten p>eralures are employed for fats intended lor edible purposes 
in order to free the fat without any secondary action upon the animal 
tissue, w'hich would result in the production of substances giving an un- 
pleasant flavour to the hit. 

In fats for industrial purposes such precautions are unnecessary and 
high pressure steam is used, resulting in a greater yudd of fat. 

A similar nieihod is employed with bones, vvhicii are first broken in 
a special machine. The acpieous licpior resulting from the condensed 
steam contains in this case gluey consiiluenls fiom the hones. 

EXI'RKSSION. 

The siinjilcst form of expiession, douhtle>,s slill cmplnved by natives 
in mnny parts, vvas the use of heavy weights. ! hi* next step in adv<ince 
was the invention of the SCrew-press and the wedge-press. The 
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latter was in use until quite recent times in Europe and is still almost tlie 
sta’ndaicl metluKl in the interior pans of (diina and Japan. One of the 
best forms was the Stamper Press or Dutch Press. 1 ’his consisted 
of an iron box in which were placed bags of the seed separated by p(T- 
* forated plates. Pressure was applied by means of hardwood “ stampeis" 
which acted like pile driveis, forcing in wedges of hardu'ood at each 
stroke. Release of the pre.ssure wms obtained by forcing down an 
in\ cited or “key” w'cdge, when the exhausted cakes weie (sisily 
removed. 

All forms of presses have now' been superseded in modem mill jilant 
by the Hydraulic Press. 'I’he limit of hydr.mlic pressure is de- 
pendent only on the strength of the inaleririls used in ( (aisinu tion. 'fhe 
maximum pressure obtainable m praetice is from i to 3 tons pei Sv|iiare 
inch. 

§ 195 . MODERN OIL EXPRESSION. 

'fhe operations concerned m the exjncssion of oil in modem oil-mills 
are as follows : » 

1. Reci'iving and stoiing the ^eed. 

2 . (Jlcansing the seed. 

3 . R< moving sludl til ma essary) or “ OeeoUicatmg.’' 

4 . Crushing th(‘ sc'-d (foiming “nicais ’j. 

5 . 1 1 eating (“ cooking ’') the “ meats.” 

0. Moulding the “meals.” 

7 . f..\pressing the oil. 

8 . Claiifymg or lefiiiing the* oil. 

Illiisii ations ami (i<‘sei iplions of complete oil mills aie given on 
Plates 1\', \', and \ 1. 

1. Sk/U xm’. Of 1 Ilf M'.fl) 

In ouh'r that no femieiil.ilive or “iKMlmg” action m.iy lake place in 
the seeds U IS neies'-.oy that tlie> be sublet! loose, ami in peifeclly dry 
eondiiion. Light is exeinded as much as possible, but there should be 
fre'c aciess ot diy an. If healing oe.( uis, the flavour and quality of the 
oil will sullei (Pl.ile 111). 

2. Cm ANSI NO 'illK sM'.h. 

'fins is a( eomplished by “screening/ w'hich consists in passing the 
seeils along an imiimd cylimhie.il mesh fine enougli to leiaiii the seeds, 
but allowing dust .and --and panicles, eie., to fall ihiough. Tins is 
lollovved by a similar tiealmeiU in a sieve of mesh < oaise enougli to just 
allow ot the passage through ihc .neve of the seeds themselves, but 
refinining laiger nnpmiiies, a.*^ pieces of wood, stones, or metal. In order 
to nmiove all traces of the latte r, w hieh woukl be very ininiious to the 
rolls, magnets aic someliines used, ovei which ihe seeds })ass, the magnet 
retaining any n.iils or oilier fragments of iron pieseiil (Plate IX). 

14—2 



212 


PRODUCTION AND REKINKMKNT OF 


1 §V 


3. Decortr:ation. 

The shell or “hull” is removed in the case of Castor, Arachis 
American Cottonseed and some others. 'I he shell is cut by means of 
knives contained on a revolving member, and adjusted so that only the 
shell is affected. The kernels then separate from the split hulls and the* 
latter are removed by a current of air (see Plate XII) 

4. Crushing. 

This is accomplished by passing the seeds between chilled iron rolls. 
These are commonly arranged vertically and may be 4 to 5 in number. 
Guides are attached to each roll to conduct the seed between successive 
pairs of rolls. The seed is fed into hoppers above the apparatus (see 
Plates XIII, XVI). 

5. Heating (Cooking). 

This operation is omitted in the case of “cold pressed” (“cold 
drawrf”) oils. With seeds of compar.atively low value the object is to 
obtain a maximum yield of oil at one operation. For this purpose, 
heating is necessary in order to obtain the oil in a freer condition. The 
“kettle” in which the operation is conducted is provided with a steam 
Jacket and a mechanical stirrer to mix the mass so as to ensure uniform 
heating. The precise temperature cm])loyed is a matter of experience, 
but 160’ — lyo" F. is a usual one. The maximum tempeiature permissible 
is about 220“ F. Steam is blown into the mass in order to moisten it to 
the requisite degree. “ Over-cooking ” renders the cake brittle, whilst 
under-cooking causes spueing of the “ meats ” in the press, and results in 
the formation of a “leathery” cake (see Plate XVII). 

6. Moulding. 

The operation of moulding the cooked meal into cakes of the required 
size IS necessary in the case of expression in presses of the “Anglo- 
American ” type described in the following section. The metluKl used is 
to press into a mould a measured amount of the cooked “meats” from 
the picvious operation by iiumiis of a miniature hydraulic piess tcimed 
the “cake former.” A movable carriage receives the correct quantity of 
meal from the kettle and delivers it to the mouhl made of the requisite 
dimensions. A press doth is folded over and the pressure is applied, 
forming a cake ready for placing in the press (see Plates XVII and 
XVIIl). 

7. Pressing. 

Hydraulic presses coiisisd in principle of two metal plates or tables, 
one of which is fixed and secured to the framework by means of strong 
pillars, and the other attached to the hydraulic ram and free to move 

* Another typo of press, which has not however come into favour, consist^ of 
a helical screw, operating in a conical cage in the m.miier of a milled soap 
plodder. It is conlinmius in action, hut the outjmt is comparatively small. Very 
high pressures are possible, thus enabling high yields of oil to be obtained from 
.seed in the cold. 
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towards, and parallel with the first. The seed is placed in the interspace 
and the oil forced out by pressure between the plates. 

Although both horizontal and vertical presses have been used, the 
former type is now practically obsolete. Presses are either open, in 
which the interspace between the plates is left accessible for placing in 
position the cakes or bags of meal, or closed, forming a compartment or 
cylinder in which the meal is loosely i)laced, and in which the ram 
operates as a piston. 

Open Presses. 

In the case of the Marseilles Press, the meal is filled into 
“scourtins,” or plaited bags of hair, or leaves Those arc placed one over 
the other in the press and se parated by means of loose corrugated iron 
plates. The weak point of this type is the difficulty of ensuring an even 
pressure, owing to the uneven building up of the material : foi this re.'i^on 
a very high pressure ^cannot be employed or there is rupturing' of the 
scourtins.” 'I'his press is mostly confined, ns its name signifies, to the 
south of F ranee. 

The Anglo-American Press overcomes these difficnltics Ir. <his 
type the interspace bctxseen the ram and the top plate is provided with 
a number (10 to 20) of iron plates, usually suspended evenly one fiom the 
Other. A number of compartments of ecpial size s thus provided. Into 
these are placed the cakes of uniform size as they ( ome from the “cake- 
former.’' On the .ipplicalion of pressure, the , dates ari' foiced together, 
thus squeezing the oil from the meal and causing its exudation through 
the cloths surrounding eacli cake. On release of the pressure the plates 
fall again into their coruct juisition. The exinessed ('akes arc then 
readily removed fiom the compartments fsce Plates XLX, X.X). 

The plates arc often embossed with tin* maker’s name, or with some 
distinctive design, so that the pressure sliall cause tlie cakes to receive the 
reversed impression (see Plate XXI). 

Closed Presses. 

These arc known as cage or clodding presses. One type consists 
of a cylinder or cage built up of non staves with interspacLS for the efflux 
of the oil, and held together by means of steel hoops. In the other form 
the “cage” is a cylinder of steel perforated with holes at inteivals. The 
disadvanl.ige is ifs liability to become bhn ked by 1.10 meal choking up the 
holes. In both presses ihe meal is fed loose into the lage, and circular 
metal discs of a( curate fit are placed over the meal at .stated intervals. 
When the cage is full, the ram, acting as a piston in the cylindrical cage, 
causes exudation of the oil thnaigh *he spaces provided (see Plates XXII, 

In both the closed and open types, the ‘pressure is first applied 
gradually by means of low pres.sure pumps* or accumulators*. The 


1 See Plate XXIV. 


a Sec Plate XXV. 
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maximum low pressure is about 800 lbs. per square inch. Up to this 
point the greater part of the oil will be obtained. In order to complete the 
operation, another set of pumps^ or accumulators'^ is brought into play 
giving a maximum piessure of about 2 tons ))er square inch in the case of 
the open presses, while in the closed presses, particularly those of the * 
perforated type, about double this pressure can be obtained. These 
excessive pressures are not found necessary in practice, as the (‘xpressed 
cakes arc required to contain about 10 per cent, of oil for feeding pur- 
poses. As the edges of the cakes arc rich in oil, they aie pared oft* in the 
cake-paring machine (Plate XXVI 1 ) and the parings ground and repi essed. 

Seeds containing a high percentage of oil, such .is coconut, 
palm-kernel, castor, araihis, etc. arc usually expressed in two or three 
stages. The first expression is often in the cold, yielding ‘‘cold diawn’’ 
oil of finest quality, this being followed by one or more expressions of the 
he/tcr^ meal. 

The first expression is usually in a press of the tage type, owing totlie 
liability of spucing. Subsecpient expressions are either in the cage or 
.\nglo-American presses. In a modem type of tho cage press the cage 
itself is in two sections, i>ne of which is remo\able. A pieliminaiy 
pu’ssing IS thus made, and the once expi essed material, m its cage 
section, IS transferred by a mcehamcal movement into another compait- 
ment of the press, wheie it receives a final e\))Ussion (see iftate XXllI). 

'1 he oil flows fiom the press into tanks bi low the floor level. 

For details oi the mill opeiatums the student should stiuly the ])lates, 
with explanatory notes. 

8. CLAKItVING AXD RfFIMNG THI-: OiL. 

The expressed oil is usually turbid owing to the jireseiice of allmminous 
and mucilaginous matkis. In the case ot cottonseed oil, the oil h.is a 
dark ruby led colour. Oils aic clarified by settlement (tank.ige) or by 
liller-piessing either alone or .iftci tie.ilment with Fullei's Ibiitli. 

In the ( asc of coUonseeil oil, the letl ( olour.ition is rein<)\etl by tieai- 
meiu with cau-aic soda solution sec {lage 130}. 

^ 196 . EXTRACTION BY SOLI; f ION. 

The highest yield of oil is obtained by this method, but the resulting 
“cake” IS not fitted foi eatlle feeding, both on .u fount of its low fat 
content, and also because tiacesofthe solvent aie vei v (iilfieuitto entirely 
remove. For this reason, (‘xiraction by vokiiile solvents is gi nerally 
practised when the seed is naiiirally unsuitable for .1 fi'cdiiig-stnft, or of 
very low value for this purpose (as m the e.ise ot i.istor;, or wiien the 
seed is in a damaged or fermented condition. 

The volatile solvents m use are : 

(ij Pctnaleuin ether. 

(2; Carbon disulpliide, 

(3) Chloro-derivaiives of hydrocarbons. 

' See Plate XXIV. See I’kue XXV. 
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Other possible solvents, such as ether and benzene, are too costly, and 
in* the case of ether too inn.inimal>lc for indusiiini use. 

The solvent is recoveied Ijy evaporation of the solution and condensing 
the vapours evolved. Not all the solvent however is recoverable. If 
this were possible, the cjuestion of the price of the solvent would be 
unimportant, as the expense would only be an initial one, and a given 
quantity would suffice for any iiuuiber of evti.ictions. Ticsicles a certain 
amount which is rilwa}s retained by the oil and the extracted seed, there 
is loss due to leak.ige of vapour through joint.s, imperfet t eoiidens.ition and 
other causes. It is of course the atm of manufacturers to reduce these 
losses to a niinitiium. 

It tluMelore follows that the rost of th^ solvent is of the first 
importance, and it is for tin’s reason tliat the rnoie expensive chlorine 
substituted hydioe.iibons, su( h as Carbon tetrarhioiide, and the Chlor- 
ethanes and Chlor-tth) lenes have not come into favour commeteitill), 
although offering thc'igieat advantage of non-inflanimability. 

In considering the suitability of a solvent for industiial use, llie 
following properties, arc important: 

(i) Si’KCii tr Graviia. 

Sinee a given volume of solvent is neccssai y for the evtraetion of a 
charge of seed, it follows that a solvent of high dc'u-'ity is propoilionally 
dearer than one of a lower gravity. For in-tanc( one ton of Peli oleum 
ether of density 0720 will go donlilc as far in a(.tual working as a ton (d 
Carbon tetraehloi ide of denstiv rb3-* 

I ion Pcti oleum ether = 301 gallons, 

I ton C^arlion tetiachloridc 137 

It follows that ill (onsidering prices of solvents, the figure quoted 
shoultl be iiuiltiplicd by the spccilic gravity in order to get a tiue ( om- 
parison of eo^ls. 

Solvents of a specific gravity higher than 'v.uer sin h as carbon 
disuljihide and carbon telrarhlondc and its ..ilics, arc more easily 
piotccied from loss by evaporation siiue a film ol water can be kept ovei 
the surface of the solvent. In the case of the first named, this is 
also of import.ince 111 lessening the c hance of fiic, as it is exccedmglv 
inflammalile. 

d'ilK Sl'io il'K' IIf\t has a bearing on the cost question, since the 
grcatiM* the amount of licat required to rai^e the solvent to the boiling 
point, the more expensive it becomes in pra« iicc. 

The Laikni’ Hkat ok HvAi’OKAnoN is similarly of importance 
because the working costs are raised and the solvent requires a com- 
pai.pivcly large expenditure of fuel to distil it off dming lecovery. 

^ 'J'lie lioiiJNO Point. The ^ame remarks apply here also, the lower 
the boiling point, the cheaper will be ilic cost of lecovery. In the 
extraction of bones and suostaneps lontainiiig water, a solvent of a 
boiling point higher than that ot water is desinible, since in tins case, by 
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extracting at a temperature above loo® the water is removed, allowing tlic 
solvent to permeate the tissue more readily. 

Action on Metals. Since for extraction vessels and fittings of iron 
are pieferable on account of cheapness, solvents which act on iion are in 
most cases undesirable. Pure carbon disulphide is without action 
on iron, but the commerciaF liquid has an action which has led to ignition 
of the solvent. Carbon tetrachloride attacks both iron and copper 
in the presence of moisture, necessitating the use of lead-lined vessels. 
'1 he other chlor-hydrocarbons also attack n on, especially when water 
is present, producing hydrochloric acid which lias a rapid corrosive 
action on the metal, and results also in the discoloration of the oil. 
TTichloi ethylene has the ‘least action, and has been employed in recent 
times in extractors of iron for off-coloured fats. Petroleum ether, 
properl) refined, is without action on metals. 

^ table summarising these propeilies is given below: 

r 1/uem 


Name 

Formula 

Sp gr. 

•C. llftiling 

piiii't 

.Specific 

lic.it 

Iic.u uf 
csapoialion 


Carbon disulphide 

cs. 

r 29 

46 

o-i6 

•79‘9 

Impure, attacks 

Petroleum ether 

C„IIm 

075 

1 10- 115 

O ’ 5 

80 

iron 

No action on 

Carbon tetrachloride 

cell 

1-63 

76 

021 

46-4 

metals 

Attacks iron 

‘ 'rrichlorethylene 

C,llCl 3 

1-47 

88 

0‘22 


.ind copper 
Aft.icks lion 

• Perclilorethylene 

c,ci, 

f 62 

121 

0‘22 


» »» 

' 'retrachlorelhane 

CsH.Cli 

J *60 

147 

0-27 


« » 

' 1‘entaclilorcthane 

CJICl., 

170 

159 

0-27 




Owing mftinly to its cheapness. Carbon disulphide is still largely 
used for extracting olive ‘ marc,’ despite the fact that the oil thereby 
acquires a disagreeable llavour due to tiaccs of the sohent. for most 
])i.irposes however Petroleum ether is very generally employed. To 
be suitable for this purpose it needs careful fractionation, so as to distil 
over between a small range of temperature. Otherwise higher boiling 
fractions are likely to remain in solution in the extiacted oil. 

l YPES OF Extrao rOKS. 

There are two types of extractors in use. 

(1) Where the solvent is continuously distilled off, condensed, and 
returned to the extracting vessel, a relatively small quantity of solvent 
being thus employed many limes over. 

(2) Where a constant .supply of solvent flows through a series of 
vessels containing the material to be extracted, and as the vessels become 
exhausted they are cut out of the series and recharged. Tlie solvent 
issuing from the end extracting vessel contains a high percentage of oil', 
'rhe solvent is distilled off and returned to the store tank. 

Fig. 33, p. 249 shows a plant of the first type, and Plates XXVIll, 
XXIX and XXX photographs of the latter arrangement. 

, ^ These attack aluminium. 



CHAPTER XIX 

REFINEMENT OF OILS, EATS AND WAXES 

§ 197 . In considerin^the question of the refinemcni of oils and fats it 
will be well, in the first place, to determine what are* the impurities to be .L;ot 
lid of. Oils expressed in the cold from pei fectly fresh seed need little or no 
refinement. Hot pressed oils acquire a hij^her flavour, darker colour and 
more pronounced odour. This must be due to chanj^es produced b^-^ tbe 
heat on the oil whilst stJll contained in the plant cells. The substances 
which produce the colour and odour arc albuminous in natuic and are 
either in an extremely Sne state of suspension, or are actually dissolved b) 
the oil on heating’. In the ease of animal oils and fats, tlie conditions 
necessary for obtaining a high class pioduct are the same, viz , freshness 
of material and a low temperature of rendering Here again the 
impurities are most probabl> albuminous in ratuic, or are compounds 
resulting fiom the decompo-jilion of albuminous niatU is. 

§ 198 . In order to refine or effect a physical impiovement of oils and 
fats, the follovung methods are employed ; 

(a) The albuminous bodies are destroyed by the action of /it'd/ at a 
temperaiure insufficient to injure the oil. 

{d) 'I hey are precipitated by the action of co/if. 

(tr) They are lemuxed by the al?sor^ti'i'c ac/ion of \arious powders in 
fine sus])en‘'ion. 

{(i) They are charred by the action of poweiful (/t’/ivc/rd/iiii; a^^en/s. 
{c) They arc carried down Tmtangled^ in soap solutions obtained by 
treatment of the oil with weak alkali. 

(/) They aie oxuii.^cd to mnodions substances by treatment with 
nascent oxygen. 

{g) They are irdtaed to innocuous substances by treatment with 
hydrogen and a catalyst, or by other reducing agents. 

{/i) They are destroyed or rendeied ineffective by the act ion of light. 
The hast three methods probably effect the improvement of the oil by 
altering the chemic.d composition of the impurities rather than by 
destroying or remoiing them. For this leason it will be more accurate 
to refer to the action as “ bleaching only, chough a deodorising and 
sw'eetening action always to some degree accompanies the bleaching. 
Oils which are “bleached” in this manner are liable to “revert,” the 
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objectionable (jualities returning by the changing back of the substances 
into their original form. 

§ 199 . {( i ) Action of Hkat. 

Linseed oil is lightened and improved by this means. The tempenv 
ture must not be raised a];*.ove 220*" — 250" C., as otherwise thickening, due 
to polymerisation, results. The he.aling is best carried out by means of a 
steam coil with superheated steam, combined with a mechanical agitator. 
The use of air for agitation is inadmissible on arcouiit of the rapid 
oxidation which wouUl take place at this temperature. 

Other oils arc improved by tlie treatment with steam. In this case, an 
“open” steam coil is used, and the steam blown through the oil by means 
of small holes in the pipe. Agitation is effected by the steam at tlie same 
time. Medicinal Castor Oil is refined by this method. 

( d ) Action of Coi.d. 

^ 'Rds method is only ap[)lic.ablc to those oil^ who^e conte.nt of .solid 
glycetides is small. It depends upon the fact that the albuminous 
substances are less soluble in cold and arc to some^e.Ktent precipitated b 
( c ) Action of AiihuKPnvH Powdkks. 

The most commonly used are the various varieties of Fuller’s earth 
and animal charcjoal, or “ dc'c'olorising cailton.’' China Clay and other 
dried cla\s have aKo an improving .ic t on, but to a degri:e. 'I’he 
method is comparatively expcuisive, and is uscai principally for reliumg 
high class oils .suitable for edible puiposcs. Ftom 5 to l(^ jier cent, (d the 
thoroughly di led earth or caibon is add<'d to the oil rendered bright by 
heating with closed steam coils-’. I’he vessel is shown in Plate XXXV. it 
consists of a mixer with piefer.dfiy an archimedian screw agitator woiking 
in a sleeve. ’Phe mixer is jacketed for ste.im on the bottom in oider to 
keep the charge at the desired temperature. This, with edible oils, 
should not exceed 80’ C., otherwise an (xirthy llavour will be im]X'irtcd to 
the oil. The agitation is eonlimied from .j to i hour, and tlie whole 
charge then pumped ihtough .1 filter ])ress ’. The Fuller’s earth retains a 
large amoiml of oil, even after piolonged “steaming out” of the tiller 
prc'.s, and this may be reioveied by treating vvilii suit.dile solvemis, 
although tlie oil so recovered is vxtydark in colour. Fuller’s eai th vanes 
consuleiably in efkctiveiiess, the grey varictie.s being usiiallv jueferable 
to the brown. Ditt'erenl oils are also affected to diffouml degices. 
Fuller’s earth is probably to be preferretl to “ dccoloi ising carlion.” as 
it is more effective at the .same cost for each. 

The precise manner in whieh the earth or the char acts i.s not i 
understood, lait researches are being carried out with a view to a sojution 
of the problem. ' 

1 See patents. Geiman, 163, 056. Niegeuiann. 

F-nghsh, 10,326, IU05. iiiiclianun. 

^ The maximum action is only obtained when all the materials aie pLilectly diy. 

a See Plates XXXIl, XXXIII, XXXIV. 
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Many waxes may also be refined by this method, and it is regiilai ly in 
use for Carnauija and Beeswax. 

(tf) Charring p.y Dehydrating Agkn is. 

'I’he two a,!^ents normally employed ate Sulpliuric Acid and Zinc 
thlonde. If Sulphuric Acid is used over a ceitain concentration and 
above a defined temperature, the oil itself vvill be attacked. Under 
suitable conditions the acid has a selective action on the albuminous 
impurities, charring these only by removal of the eleimnts of water. I he 
char on subsiding carries down all impurities in susj^ension. Fig. 15 
shows a suitable type of vessel for the treatment. It must be lead-lined 
and is prefeiauly of conical shai)e at the bottom to fa( ilitat(‘ the s(?parat'on 
of the at'id “toots” ('sediment). It is provided V itli a “closed >te,ini 
coil and also an “open” coil for agitation with ( oinpressed air 'The 
amount of acid used and its conccntiation must he ascertained by actual 
trials, as no didinite figures can apply geneially. ^ ^ 

Thus with a crude whale oil tomaming a large .nnount of .dhuininoiis 
impurities and also entangled water, it may he found necessar\ to use ;h(' 
strongest commercial lacid (“ U.O.X'.’h, as this is mimediaicly diluted on 
addition to tlu* oil. ’rh(‘ temperature is never .)\(u' 100” C, and usu ili\ 
lower tcmpeiaiurcs sullicc. If a( id of msnfllcKMU stnmglh be employed, 
there is great diftic ulty of separation, and “acid emulsions “ (vciir wln< h 
are exceedingly troublesome to deal with. If, on t .e other hand, the and 
1)0 too strong, the oil is liadly discoloiii cd , 1 to j ))ei mil. of and is 
the amount usually necessary. 

The oil is first raiscal to the rec|UiiTd tenij’erature and the arid, diluted 
to SLiitrihle concentiation, added m a slow stream during constant agitation 
of the oil by humus ot tlie air coinpie'-sor ; ^ to 1 hour usually .snltices for 
the ojicration. 'I'lie acid “fools’’ is run nif n^ \l day and the clear oil 
Wrished if nec essary with water or boiled up in another ''csscl with stcMin 
and illowed to sc'ttle. Manv oils arcielmcd by this method, winch forms 
the preliminaiy treafment for the “TwitchcU” drglyrei ination jiroeess. 
Any free bitty acids in iheoil .ire r.ither increased lluin rrebued m amount 
by this tie[itmcnt, st) th.il it is not by its.-lf suitable for edible oils. 

Zinc Chloride is an :iUernati\e lelining agent, z. concenliated 
solution niu-'t be used (s G. 1 ho to i’6Ti and ilie nu'thod is similar in .all 
resjiects to tlie above. It is however much more expensive than the ac id 
treatment .ind is on this account i.aiely employed. 

(c) Agiion ok .So\i» SOT.iniONS. 

The soap is formed i)y the action of dilute alkali on the free fatty acids 
present, 'flu' impurities bei ome partly dissohed and ])artly entangled m 
the svap liquid and arc c-ariied down with it. The method is more costly 
than the acid process, since a fair amount of oil is also cai ried down with 
the soa(). I’his class of “fools” however can be readily treated for 
recovery ot the oil (by addition of acid) or it may be completely saponified 
by boiling with more alkali, and the resulting liquor dried and sold as a 
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low class soap. Since the free fatty acids are by this treatment removed, 
it is employed extensively in refining oils for edible purposes, such as 
Copra, Coconut oil and Cottonseed oil. 

The operation can be conducted in an iron vessel, and agitation is 
carried out with compressed air, or in the vessel shown in Fig. 15* 
The amount of Caustic Soda added depends upon the percentage of free 
fatty acids present, but the strength will be from 50° --2o“Twaddell. The 
alkali is well mixed, but not for loo long, and allowed to settle. The 
possibility of emulsions forming is much greater than in the case of the 
acid treatment, but they can be readily separated by addition of strong 
brine. 

A solution of soft soap acts much in the same way as the addition of 
alkali, but the emulsion danger is greater. Strong Carbonate solution 
may also be used if there is much free fitly acid present. 

t The “foots” may either be treated as abo\e, or acidified, and the 
resulting mixture of oil and fitly acids distilled, 'producing a white fatty 
acid, suitable for candle material. 

(/) Trk.vi’ment hy Oxidation. 

This includes the following processes : 

(i) Treatment with air. 


(ii) 


„ o/one. 

oil) 


peioxides, persnlph.ites, pcrboiates, etc. 

(iv) 


„ potassium or sodium dirhromaie. 

(v) 

„ 

„ nascent dilorinc. (Generated from bleaching 


powder, or b\ sodium dichroinate and hydrochloric acid.) 

Although this process i^ usually referred to .is a “ ililoune bleach,” the action 
is in reality one of osidalion. (dilonne of iNelf is ali'.orhed by a lat producing 
chlorine addition and substitution products. chlorine (chlorine newly 

liberated in the atomic condition) acts upon water juodueing nasunt oxygen as 
sliown in the lollowing equation : 

2CH IT.X) = '2IICU O. 

As in the rase of sulphuric acid (v.s.) it is found that the albuminous 
impurities and colouring matters in oils are more readily acted upon tb.m 
the glycerides themselves. It is thus possible to bleach oils by oxidation 
without appreciably oxidising the glycciides. 

(i) Treatment with Air. 

This method is used for bleaching Palm Oil and for improving and 
clearing many oils and fats. The oil is placed in an iron vessel or lead- 
lined limber tank, and raised to a tcmjierature of 100 -150° C. by means 
of a ‘closed’ steam coil. Air is then blown through the oil by means of 
an ‘open’ coil from an air conipresser, or the arrangement shown in the 
diagram may be employed. This consists of an ordinary steam injector 
{A) affixed to a closed vessel, into the bottom of which the air pipe passes. 
The action of the injector sucks air thiough the coil and keeps a constant 
stream of air bubbles passing through the oil. {B) is the closed steam 
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heating coil, and (C) the draw off cock. The treatment is continued only 
until the oil is bleached, to prevent oxidation of the glycerides. 

APPARATUS FOR JiLEAClllNO OF PALM OIL IJY MEANS OF AIR 



Fig. i5- 


(ii) Treatment with Ozone. 

« This method has also proved successful for bleaching and deodorising 
oils. Ozonised air is produced by the silent discharge of electricity 
through air. The ozonised air is then passed through the oil in an 
apparatus similar to Fig. 15. 
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(iii) Treatment with “per” Salts and Oxides. 

The “per” salts, such as Potassium and Anmionium persulphate^ 
the perborates and percarbonates— all bodies which under the action of 
heat 1. berate nast ent oxygen- arc very powerful oxidising bleaches for 
oils, but arc more commonly used for bleaching SOaps in which thet 
are soluble. They are Relatively expensive compared with most other 
.igents owing to the difficulty of manufacture*'^. 

The peroxides are also powerful bleaching agents but, witli the 
exception of hydrogen peroxide, must be usetl with extreme ciiciinr- 
spection owing to the violence of their reaction on contact with organic 
mateiial'^. 

The reactions are as tollows ; 


2KS(), + 11 . 0 = 2IIKSO4 + O. 

potassium nolassium , inisc.ni 

pei.-'Ulpli.Uc hydrogen bulphalc 0N)geii. 


Na.>0.2 + Hij0 = 2NalI0+*'0. 


sodiinu 

peroxide 


-1- water = 


sodium 

hydr.ite 


+ 


mi SI cut 
oxyg»'n. 


In addition to these, \anous organic peroxiiles have been employed 
under patent names for bleaching fats. Some of these dissolve in the oil 
.ind are thus supeiior to wate*' soluble bleaches wlio^c action depends 
ujKjn the close physical contact of two immiscible litjuuls. Insianccs are 
i'en/o\l peroxide'* and ar clone per oxide. 


(iv' Bleaching by Sodium Dichromate. 

This method is largely used for bleaching tallow and palm oil. The 
treatment must be carefully earned out, and the tcnpierature kept low, 
or there is a great tendency to discolour the fat (wIik Ii is then termed 
" foxy in works’ parlame). A lead-lined tank is necessaiy, iron being 
unsuitable on aciouirt of llie action of the reagents upon it. 

The oil is tirst heated to alxuit 50 - 55 C. d'lie di* hromate (i|- to 
percent, of the oil shoulil be sufficient) is dissolved in a mimmuiu 
cjuaniify oi v\ati 1, .idded to die f.it and the uJiole well mixed by ('om- 
pie.sscd air ; In dux lilonc ac id v2.\ - 2 j per c eiu. ol llu' oil) is now added, 
.uid the whole agitated !<jr a few mmuu s. d'he bleached oil is sep.irated 
from the dark chrome lujiior, and washed with water. Sulphuuc acid 
mav also be used lint not so successiuil)'. The chemical reactions an' 

as lollou s ; 


* " I’alitlol.” (id man p.'ilents 700,684, 205,067. 

- The silN .ire ol)lain«.<l by electrolysis of the corresponding noimal 

}i)(Uogen s.ihs, the iv.nceiit oxygen hbeiaUal at the anode ai.imgthus; 

zKTLSOi H- 0 -= 11.0-1- 2KS0|. 

4 ."''^' water 4 - P*;' 

pota'i'Hiin Milpliate n uf puL<isli. 

" Fatal accidents have .it tended their u.se. 

’ Oertuan patent 114,937. 
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Na^CiijO; + 1 4I ICl - 2CrCl;. 4- 2Naa + 7 > + 6C1. 

chromic .sofiiuni water nasicut 
chloiidc chloride chloiine 

2a + HoO = 2lia + O, 
ihts(enf water hydiocliloiic luiSiUtf 
chlorine acid ^jxygen 

N aoCraO- + 5 1 1 .^S04 = €1,(804)3 + 2 K 1 1 SO4 + 4^1 .'O + 3 O. 

In place of diclirom.itc, niangaiiesc dioxide and potassium permanganate 
may lie used. Tlie reactions are then as follo’vs : 

MnO, + H2‘S0, =MnS 04 -ML() + O. 
manganese sniphuiic mangancac waSer luiMiiit 
dioxide aci<l sulphate o\)giii 

K.Mn.O^ 4- 4^-12^04 =2MnS04 ■f2lvJJSU,4-3t^‘^<> + 

potasMuni sulphuric manganese potassium w'utcr nasi < it/ 
peuiianganate acid suljiliate hydrogen oxygen « 

’ sulphate 

v) Nascent Chlorine. 

As in last section (iii) with dichiomate and nydrochloru aci 1 or 
using bleaching jtowder. 

With the latter, the same remarks .ijjply as with the dichromale, 
the Ideaching powder being first added in conn itrated solution (0*1- 
o‘2 per cent, of dry bleaching powder on the oilj and thoroughly mixed 
with tlu‘ oil, and llie hydnxhloric acid acUkvl while the agitation is 
jnorceding (o’3- -0*6 per cent, on the oil), 'i he optimmn temperattire 

50' — 75' C. 'Fhe charge is allowed to seUic after about 15 minutes 
.igitation, and llie acid liipior run oft from below. It is necossaiy to see 
tint llie bleaching powder is fresh <m(l dry, otherwise 11 is largely 
uu tTective. The reaction is as follow's * 

ra(€lO),, + 4lir.l - CaCl, 4- ~H->0-1-4C1. 

calriuin hy[)OC'lilontc hy'ihot hloric c'alciuiu wale* chltinne 
(the active pail of acid chlondc {tiaurni) 

l)leaching jiowilci) 

-Cl 4- 11,0 - 2H€1 -1- O. 

Uitsictt/ watci hydiochlono nasimt 
cldoiiiu acul o\' gvu 

(y) Trkatmi^.nt rv Reduciion. 

Treatment with sulphur dioxide, in a similar manner to the air troat- 
m<nl, has a bleaching action on most oils. The (olounng matters, in 
this ease, are jiaitially reduced to colourle^.s substances. More powerful 
.u^ion is obtained by’ the use of liy’diosulplutes, jiat liciil.iily foriiiid- 
dehyde hydiosulphites.” I’alents have also-, been taken out for the 
following ('ompoimds for use .is oil and soap bleaches : 

“ Formaldehyde-sulphoxylate.” Geim.m patent, 214,043. 
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“ Sulphoxy kites.” English patent, 11,983 (1906) and several other 
foreign patents k 

“ llydialditek” 

In the process of hardening of oil by hydrogenation \\ith hydrogen 
and a catalyst (see chapter XX), the fat produced is largely bleached and 
deodorised. UnfortunaWly this action is incomplete before the glycerides 
themselves are reduced so that it is not a feasible method to employ for 
oils (i^ ods. 

(//) Action of Lic.ht. 

The action of light on fats and waxes has already been discussed 

23). Direct sunlight is a poweiful bleaching agent, while diffused 
daylight acts more skovly. Owing to the fact that the action is com- 
paratively slow, it is only used in practice for the finer oils, such as 
medicinal castor oil, salad oils, oils for aitists (poppy, walnut, linseed). 

'fhe oil is exposed under glass in shallow trays, or is pouied into 
narrow bottles. Beeswax is also bleached in ih \6 manner (see page 187). 

Patents have also been taken out for bleaidiing by exposure to ultra- 
violet rays, such as those c\olved from the Coi^per Hewitt’ mercury 
vapour lamp, and trom the “ I ’viol ” kunj). 

^ h'rench. 431,204 .in<l 410,824. 

Gcrnuui. 224, 

English. 16,260 (1909). 12,157 ( 19 ' 0, 22,453 (1911), 

2 *t 3 .s 9 (19111- 

- Sodium liydrosulpliite -j- ainmoiun 

8 (ierman patents 195,663, 223,419 



CHAPTER XX 

HARDENED FATS* 

§200. It is not within the scope of this book to describe the many 
attempts made to obtain substances of high melting point from oils for 
the manufacture of camlles. Some of these ha\e bt en successful and arc 
worked on the large scale, and some have failed after a practical trial. 
The “hardened fats ’iso produced were however generally unsuitable for 
other purposes than candle-makmg, and a detailed des( ription of -heir 
manufacture belongs to that depaitim nt of the fats industry. 

In recent yeai^, however, a “hardened fat’’ lias been produced in 
large quantities commercially which resembles other fats in all essential 
respects. It has in fact been obtained by conveision of the unsaturated 
glycerides into saturated fats, by the direct audition of hydrogen. This 
was a direct result of the now classical res(‘arches of the chemists :^abatier 
and Senderens^ who published their nsults m the year i^^oo. They 
found that, although hydrogen w'as not absorbed directl) by unsatuiated 
bodies of the fatly series, the action was lendered possible by the 
influence of metallic catalysts. 

§201. The phenomenon of Catalysis is \ery common amongst 
chemical rcattioiis and has been recognised, uiuli. r different names, from 
early times. Students of chemistry an* familiar w'ith the fact that oxygen 
is liberated from potassium chloiato by the action of heat more easily 
and freely in the presence of manganese dioMclo than in its absence, and 
also that the manganese dioxide remains chemically unchanged after the 
heating. Agniin the union of sulphur dioxide gas with oxygen to produce 
sulphur irioxide takes place rapidly when the mixture is heated in the 
presence of finely-divided platinum which however undergoes no chemical 
change. In these reactions the manganese dioxide and the finely divided 
platinum arc said to act catalytically and are termed catalysis. 

Many hypotheses have been advanced explaining how the catalyst 
ac*is in these reactions but a discussion of llie^ hypotheses would lead to 
no useful result \ 

' The reader is referred to Mel lot’s Chemical Statics and Dynamics 
where a very exhaustive treatment of the subject is given. 

iS 
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The following facts, concerning catalysis, may however be noted : • 

1. The catalyst has the same chemical composition at the end of the 
reaction as at the beginning though it may not be in the same physical 
condition. 

2. A small quantity tf the catalyst is able to assist in the chemical 
change of an indefinite amount of the reacting substance or substances. 

3. A catalyst is incapable of starting a clicmical reaction ; the function 
of the catalyst is to change the rate of the chemical reaction b 


DIAGRAM OF APPARATUS FOR THE HYDROGENATION OF AN 
UNSATURATED liquid CARBON COMPOUND 



Fig. 16 . A. Hydrogen generator- ■ zinc and dilute sulj>lmric acid and Miiall 
quantity of copj)er sulph.iie solution. B. Mcicury s.ifii)' valve*. C. Saturaled 
solution of potasMum peini.rnganale. D. Towcm oI solid caustic polasli. 
E. Liquid to be hydrogenated. F. Hard glass liiliL containing reduced 
nickel. <i. Hot aii bath H. Tlieimoineter, the bulb of which touclies 
tube F. J. Double surfice condeiisci. K, K, K. Taps for controlling 
diieclion of lunent of Indrogcn. L, L. Thick-walled lubber connectors. 
M. Renivei for hydrogenated compound. 


4. Ceitain substances have the power of inhibiting the action of cata- 
lysts ; the catalyst is commonly said to be “poisoned ” by these bodies; 
thus certain sulphur and arsenic compounds cause platinum to lose its 
catalytic power in the union of sulphur dioxide with oxygen. 

- § 202. Sabatier and Senderens experimented with the vapour of the 

unsaturated body, and the absorption of hydrogen occurred when the 
vapour of the substance, together with hydiogen, was bi ought into cdntact 
with the catalyst. 

^ This statement is to be received with a ccilain amouni of reservation, as 
several reactions are known in which no evidence has yet been adduced that 
the reaction lakes place without the aid of the catalyst. 
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An apparatus suitable for the Sabatier and Senderens reaction is 
shown in Fig. 16. A \s a hydrogen producer, C, 7 J are wash bottles, 
is a vapouriser containing the substance to be hydrogenised, G is the 
(hydrogen chamber containing the nickel catalyst and heated by an 
air-bath, and y is a condenser for condejsmg the vapours of the 
hydrogenised material. 

Ihey were completely successful in reducing—i.e. saturating with 
hydiogen— -many unsatur.ited bodies. 

Oleic Acid, in the form of vapour, is converted thus : 

C1L.(CH,)7.CH 

II +2H 

HC.(CTL)7.C0. OU 

oleic acid 2 atoms hydiogen 

-CH3.(CH,)7.CHa 

I 

H^\(C1T,)7.C0.01I 

or CII3 . (CH2 )io. CO . OH. .sIlmuc acid 

To these experimenters therefore belongs the honour of solving ". hat 
had long been a fascinating problem in the oil industries. The practical 
importance of the conversion of oleic into stearic acid dcpeialcd upon the 
increased value of the latter as a soap and candle material. All atlcmpts 
at directly uniting liNdrogcn and the higher rnsaiuratcd fatty acioa had 
failed beftire these dicmists obtained the rcsii’. by catalysisb 

A point of great importance is the rcdativelv small amount of hydrogen 
required. In the ecjuation above, 2(S3 p.iits by weight of oleic acid are 
convened into stea'ie acid by 2 parts by weight of hydrogen. Thus 
1 ton of oleic at id rccpiires only about 16 lb->. of hydrogen or about 
2,800 cubic feet of gas. 

203. Patents weie taken out based on the results obtained by the 
French chemist.s. Thus Sihworrer passctl hydrogen .iiid the vapours of 
oleic acul obtained by use of a jet ot superheated ste.im, into a chamber 
in whith ivas containetl the catalyst embedded on a bans in a helical or 
screw form over which the vapours pa'^setl. Anoiher method \\<i 
patented by IL'dford and by Day although tl'e latter dealt with the 
saturation of hydiocavbon oils. 

^204. These methods all had refeieme to the vapours of fatty 
substances. They were therefore of little use in the case of gl^i wides. 
which cannot be vapournsed without imdei going decomposition. In 

• 

• ^ .\s c.'iily however as jS; 5 tlu* reduclhin of oleic to stcaiic .icid was accom 
plished by (ioldschmult by means of amorphous phosphoru'' and hydriodic acid at 
a temperature of 200'^’ — 2io^C. An attempt to use the method on a practical 
scale failed owing to the loss of iodine involved. The use of chlorine was attended 
with great difficulty on account of its violent action on melals- 


15-2 
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the year 1903 a patent was granted to Nonuaim which descrfoes 
the hydrogenation of oils in the liquid condition, by merely passing a 
current of hydrogen into the oil, immersed in an oil bath, and containing 
finely-divided metal as catalyst. « 

This was the patent whicH was destined to form the basis of the well-known 
legal action. It was held to he fundamental in character, and hence of immense 
value to the holders, as it precluded all other manufacturers from hyfirogenaiing 
oils in the liquid condition. This view was not however upheld owing to the 
meagre information given in the patent; the work of Lewkowitsch, for instance, 
having shown that a successful result was very far from assured ^ working in the 
manner stated, and on March 18, 1913, after a four-weeks’ action, and the hearing 
of a vast amount of -evidence, a decision was given against Llie validity of the 
Nonnann patent. 

§ 205 . The main essentials for success in the hydrogenation of oils in 
th^ liquid condition may be briefly stated as under : 

(1) The correct control of the 

(2) An adequate pressure of the hydrogen gas. The higher the 
pressure employed up to a point, the more rapid and certain is the hydro- 
genation. 

(3) The fine state of division of the catalyst. 

(4) The purity of the reagent^^ 

(5) The exclusion of certain substances which destroy the action, and 
are said to ^^poison^^ the catalyst 'I'he chief of these arc • 

Chlorine, 

.Sulphur (as sulphide), 

Arsenic, 

Phosphorus. 

Of late years the most important tactoi of ah nas proved to be the 
PHYSICAL CONDITION OF THE CATALYST ITSELF. If the catalyst is 
sufficiently active an almost instantaneous conver‘>ion of the oil is 
possible. 

§ 206 . Although the action of the hydrogen is, and can only be, by 
solution in the oil, and the catalyst, once moistened by oil, cannot come 
into contact with the gas except in solution in the oil, yet many patents 
have been taken out describing devices to attempt to bring the catalyst, 
oil and hydrogen into fuither intimate contact by violent agitation or 
“ atomisation.” 

All that is apparently needed is a gentle mixing of the contents, and 
even this may be unnecessary in view of the rapid diffusion which takes 
place. ^ 

A mass of patent literature exists in connection with the subject, kut 
only two representative ty'pes of apparatus will be described here. For 
further information recourse may be had to the original patents in detail. 

’ Lewkowitsch failed to obtain any reduction prior to the publication of 
Nermann’s patent* 
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The Testrup patent (English 7726, 1910) describes the apparatus 
shown on Fig. 17. This consists of a series of closed vessels in which 
the oil and catalyst are sprayed in series into hydrogen gas, at a con- 
stantly decreasing pressure. Thus in the vessel (A) in which the oil is 
•brought to the requisite temperature (160°-- 170^ C. is mentioned) the 
pressure of the hydrogen is say 15 atmospheres. In the first spray 
chamber {B) hydrogen is admitted at a pressure of say 12 atmospheres. 
This causes the spraying of the liquid (which is at 15 atmospheres 
pressure) into this chamber. The oil is then conducted to the next of the 


DIAGRAM OF TESTRUP APPARATUS FOR HYDROGENATION 
OF oir.s 



series (C) in which the pressure of the hydrogen is reduced to, say, 
9 atmospheres, the difference in pressure causiiiif the oil to again become 
projected in a spray. The oil and catalyst are in this manner sprayed 
ten or fifteen times into gas at varying pressures. 

Two or three per cent, of catalyst (nickel o. palladium) is used and 
agitation with the oil is effected by means of the stirrer at («). The oil 
is admitted at (i) and the gas at (.), (<f) being the reducing valve ibr 
reeulating the pressure of the gas in the succeeding chamber, (c) (e) (e) 
are beating tubes for superheated steam, (/) the pipe conveying the oil 
td the spray nozzle 

« 207. The Kayser process (U.S. patent 1,004, 03?. Sept. 26, igj I ) 
consists in mechanically agitating the oil and catalyst in presence of 
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hydrogen under pressure. The apparatus figured in the patent is shown 
in the adjoining illustration (Fig. i8). 

It consists of a jacketed drum, placed horizontally through which, 
closed by stuffing boxes at either end, works a shaft bearing paddles 
covered with gauze. 

A \s a compression piUnp drawing hydrogen from pipe B tliroiigh C 
to the treatment vessel. The oil and catalyst are admitted until the 

DIAGRAM OF KAYSER APPARATUS FOR HYDROGENATION 



cot k - 


Fig. i8. 


vessel is J to J full. Unabsorbed hydrogen is blown off at />. E is the 
draw off cock. The temperature mentioned for treatment is 1 50 -160" C. 
In a later patent the use of a carrier for the catalyst is claimed, tliis being 
an absorbent powtlei such as kiesclj^uhr on to which the nu'Uil is 
precipitated. 

§ 208 . As before stated, the most important point in the process is 

the preparation of the metallic catalyst. In earlier experiment.s, 
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Palladium was the metal used, and although very small quantities only 
are necessary^, its relatively high cost compared with Nickel and the- 
unavoidable loss entailed have practically displaced its use in hivour of 
the latter. 

Besides Nickel (and Palladium) the metals Platinum, Coj^per and 
Iron have been employed to a small extent* 

The activity of the catalyst depends upon 

(1) Its jftne state of division. 

It has been shown that it is necessary for the catalyst to be in the 
condition kno\\n pyrophoric. In this condition the metal is in such a 
fine state of division that it spontaneously intlamcson contact with air or 
oxygen. This physical condition is obtained bjf reduction of the oxide at 
hnv temperatures in a current of hydrogen. I'he oxide begins to reduce 
at 200" C., but reduction is incomplete below 270*" C. and a good working 
temperature is yxi -yio" C. 

(2) The purity^of the catalyst; 

Nickel catalyst was foimerly prepared from the ‘^nlphate, but the 
difficulty of entirely removing sulphur compounds, which .iffccted the 
activity of the catalyst led to its abandonment in favour of the nitrate. 
The hydi oxide is obtained by precipitation with an alkali, and after 
careful washing the precipitate^ is diicd and reduced as t.ited above. 

( 3 ) Protection from Oxidation. 

After the reduction of the nickel oxide it must not be allowed to come 
into contact with the air, and is best kept in mi atniospliert* of hydrogen 
until time of use. Knifoanu and Ihiifon/ ii^ed tin* oxifle as catalyst, 
though this is probably reduced m the oil itself. t>hukot)'^ has patented 
the use of Nickel Carbonyl, obtained by the aclmn of caibon monoxide 
on reduced nickel at low temperatuies. This body is sr»luble in oil, and 
the solution is afterwards luxated to .1 lenmor.Uuie of 200 C. when the 
carbonyl is detoinposcd and metallic nu kel set ti\c. 

Se\ eral j:)aients are concerned with the use ot eainevs for the reduced 
nickel, riuis pumice, adn-stn^, kieselguhr and other porous bodies are 
suggested, 'rhesc are impregnated with the nickel srdl, and the 
hydroxid«i precipitated on them by means of alkaline hydroxide, and are 
subsequently 1 educed m h>drogcn. 

Keeentlyit has been shown * that hydi<igenation of oil can be induced 
without catalytic aid by the use of high temperatuies and a high pressure 
of hydrogen. 

§ 209. Recovery of Catalyst. 

This matter has also been the subject of many patents. Tlic catalyst 
maf be recovered by filtration of the hardened oil, or by treatment with 

> The Vcreini,;tc Clicmiscl.e Werke A.tJ. in then patent .late that o'ooi per 
cent, of rall'idium is clTective. 

Ger. Fat. 241,823 of Jan. 1^, 1910. 

8 Bergius, Zeitsch. Augen Chem., lyM. 27 , 522. 
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acid and subsequent re-precipitation of the hydroxide. Wilburschewitsch^ 
extracts the catalyst with a solvent. , 

§ 210 . The Hydrogen is mainly prepared by two methods, viz. : 

(1) Electrolytic. t 

This method produces t very pure gas and is emin'^ntly suitable for 

small installations. In the electrolytic production of caustic soda by 
treatment of brine a large amount of hydrogen is produced as a by- 
product which might be very usefully employed in this manner. 

(2) Iron-sponge steam process. 

Oxide of Iron is reduced by means of water-gas carefully freed from 
sulphur. Steam is then passed over the heated reduced tnetal, yielding 
the oxide and hydrogen, the former being again reduced by water-gas. 

1 211 . Uses of Hardened Fats. 

As any desired degree of hardening of a fatty oil m.iy be obtained by 
regulating the length of time of the operation, the process is a very 
valuable one for the production of soap material, I'andle material, and 
edible fats. 

Apart from the actual hydrogenation of the unsaturated glycerides, 
the objectionable odour of the fish ods and other low class fats is 
completely removed. This effect is however finly obtained if the 
hydrogenation is carried almost to the full extent It is thus not possible 
by this method to deodorise an oil without hardening it, and the process 
has for this reason no interest for users of oils as such, as for instance the 
soft soap manufacturers. 

An English firm of soapmakers^ has patented the use of hardened fat 
in the manufacture of soaps. The soap made from such stock is capable 
of giving satisfactory results witli a much larger percentage of rosin than 
would be the case using talhnv or palm oil. Hardened fat appears to 
differ^ from natural fats in the ease with which it is saponified by alkalies. 

With regard to edible fats, the question of their digestibility compared 
with the natural product is irupoi taut, and no difference has been found in 
this respect. A certain minute amount of the catalyst remains in the 
fat^ but this is now much less than formerly. Kecently'* feeding trials 
with commercially hardened oils containing from 07 to 6 milligrammes 
of nickel per kilo have been carried out, and no ill effects have been 
evidenced. 


1 Fr. Pat. 426.343. 

^ Iodine value below 50. 

* Crossfield and Son:-, Kng. Pat. 13,042 of 1907. * 

^ {Stifensiedcr ^.eitxm.1^ 19(3,^, 1317) suggest.s that “hardened” 

stearin is an allotropic modification of the natural glycciide. 

® As the fatty acid salt or “soap” of the metal. 

• Lehmann, Chem. Zeit. 19 14, 38 , 798. 
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Analytical Aspects. 

To the analytical chemist the introduction into commerce of this 
process has meant a landmark of the first importance. An element of 
doubt has been introduced into the interpretation of most of the deter- 
minations hitherto relied upon. 

Generally speaking, this applies to the fats, only, as (see above) little 
advantage is gained from paitial hydrogenation. Although the detection 
of the presence of even minute traces of nickel is poss^l)lc^ t!ie catalyst can 
now he completely removed, exceirt m the case of oil containing free 
fatty acids. 

With regard to the various tests, the most important is the Iodine 
value. This will give a direct estimate of the degree of hydrogenation. 
The saponification value will remain almost unchanged, but Norman and 
Hugel'^ state that hydroxyl groups are split off during the hardening 
process. Thus Castor Oil might not be distinguishalilc on complete 
saturation from other oils, although the Acetyl ihjIuc v>ould in pmetfee 
only be lowered. Har^lened fish and whale oils are said ' to contain 
arachidic and bchenic acids ; an oil adulterated with such products may 
be w'ith difficulty distinguishable from Arachis Oil in the Bcllier Test. 
(See p. 139.) 

Of the distinguishing colour reac lions, the Halphcn test is rendered 
negative by the destruction of the substance prodiK ing the colour. The 
use of Pyridine^ in place of amyl alcohol and .1 c'osecl tube for the test 
has been found more sensitive and should therdore b(' employed in the 
case of a suspected hardened cottonseed oil to delect trat es of the 
chromogenetic body. 

The Baudouin test for sesame oil is also negatived^. Fortun.itely the 
distinctive aromatic alcohols, Phytosterol and C/ndes'terol are unaffected, 
so that the animal or vegetable oiigm of a hardened fat is still 
ascertainable. 

^ .See use of a-bcnzildioxime for detection of Nickel, vol. n. (Alack, Chem. 
Zeit. 1913, 37 , 773.) 

“ Chtm. 'Zcit. 1913, 87 , 815. 

^ Ibid. 

* (histaldi, Chem. Zeit. 191-2, 2, 758. 

® Some hardened sesame oils, however, have been found to give this reaction. 
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MINERAL OILS AND WAXES 
PRODUCTION AND REFINEMRNT 

§ 212. Petroleum and shale oil, as has already been shewn, arc very 
complex mixtures, and in order to produce the various commei'dal articles 
ob^tained from these, they are submitted to various processes the objects 
of which arc : 

(i) to separate the complex mixtures into simpler mixtures ; 

(ii) to remove objectionable compounds from pie mixture ; 

Tiii) to transform certain constituents, not required as ^uch, into 
other compounds haMii^^ a j»rcater technical and commercial value. 

I'he actual sequen<'C of operations carried out varies in different works 
and with different petroleums and shale nds, but the principles governing 
these operations arc the same in all cases. 

Separation of complex liquid M’Xtures inki simim.ir 

MIXIURI'S. 

§213. Distillation. 

The separation of the complex mixture (peli oleum or slialo oil) into 
simple mixtures is carried out by the process of distilkition. In the 
simplest case distillation consists in converting a liquid into a vapour, 
condensing the vapour back into a liquid and collecting the condensed 
liquid. Distillation is said to be “destructive ” — uctive distil- 
lation '^ — when the substance undergoing the process is so heated that 
it IS cheinitally decomposed into other bodies, some of wlfuJi may be 
gases or vapour-^ -or both— and solids, e.g. the destructive distillation of 
coal produces (i) coal gas, (2) liquid products obtained by cooling the 
vapours produced during the heating, (3) solid products pioduced simi- 
larly as well as a residue left in the still, viz. coke. 

§214. In order to obtain a clear understanding of the technical 
processes of distillation as carried out in the petroleum and shale oil 
industries it is necessary to thoroughly grasp the principles underlying 
the process of distillation. . • 

Liquids lend to change into vapours at all tempera tines thus pro- 
ducing a pressure which is known as the “vapour pressure”; this vapour 
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pressure varies with the temperature, being greater at higher tenipera- 
turts than low. For all liquids there is a tcmpirature at which the 
vapour pressure of the liquid is equal to the pressure of the super- 
incumbent atmosphere ; at this temperature the liquid changes into 
•vapour with ebullition^ i.e. the liquid boils. Since a liquid exerts a 
vapour pressure at all temperatures it is evident that a liquid can be 
made to boil, i.e. change into a vapour with ebullition, by rediu ing the 
pressure of the superincumbent atmosphere until it reaches the pressure 


LABORATORY APPARATUS FOR DISTILLATION UNDER 
REDUCED PRESSURE 



D. Meicuiy inaiiumcler. 

E. Strong holt Ic to regulate cluinge- t)f picssiue. 

F. W.aer-punip. 

a, a. Stout rubber pressuic tubing. 

A, /*, A, b. ( lood rubber codv-.. 

of the vapour of the liquid at the partii ular temperature clioscn ; by su( h 
reduction of tlie atmosplieric pressure a liiiuid can lie made to boil at any 
desired temperature— with certain restrictions— and hence can beilislilled 
at any desired temperature ; when distillation takes place under reduced 

atmospheric pressure it is termed “distillation in vacuo.” Fij;. to repre- 
sdhts a laboratory apparatus for distillation under reduced pressure. 

215 . Since petroleum and shale oil are complex mixtures containing 
definite liquid compounds each possessing a definite boiling point, the 
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question arises, what will be the boiling point of such a mixture? Expe- 
rience shows that these bodies possess no definite boiling point and hence 
on distillation no definite constituent is obtained but a mixture differing 
in composition from the original mixture. 

The question of the distillation of liquid mixtures whose constituents are mis-' 
cible in all proportions has lieen fully studied by Konowalow with the following 
results: 

1 . Mixtures whose constituents can he separated fuore or less completely by frac- 
tional distillation. 

In this class of mixtures it has been found that the vapour pressures of the 
mixtures vary increasingly with the temperature : 



«/oofCIl30HO 100 

Fig. 21. 

Figs. 20, 21 give the vapour pressure curves for mixtuies of ethyl alcohol with 
water, and of methyl alcohol with w^ater. Now since the boiling point varies 
inversely as the vapour jiressure, those mixtures with highest vapour pressuie will 
have the lowest boiling point, and hence from above curves it will be seen that the 
mixture containing the greatest percentage of alcohol will boil first, and hence in 
distillation the distillate will contain at first a mixture of alcohol and water richer 
in alcohol than the original mixture; by collecting the distillate in several portions 
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or fractions of the original liquid, different mixtures will be obtained. On sub- 
mitting each one of these fractions again to distillation and collecting the distib 
lates again in portions it is possible to obtain nearly a complete separation of the 
alcohol from the water; it will be noted that as distillation proceeds in each case 
the boiling point of the liquid being distilled slowly jises, and hence the process of 
separation can be followed by taking the temperature of the vapour in the distil- 
lation vessel. All mixtures whose vapour pressure curves are siniilai to Figs. 20, 21 
behave in a similar manner on distillation. 

a. Mixtures with constant boiling-point. 



Fig. 22. 



Figs. 22, 23 give the vapour pressure curves of propyl alcohol with water, and 
of formic acid with water. 

It will be noticed that in the case of propyl alcohol and water that at each tem- 
perature there is a mixture which possesses a maximum vapour pressure and hence 
a minimum boiling point : this mixture contains about 70°/o of propyl alcohol ; 
henc^ on fractionally distilling any mixture of these two we finally obtain a mixture 
wAose boiling point is constant and «bniaining aboi^t 70"/, of propyl alcohol. In 
the case of lormic acid the mixture containing about 75^0 of formic acid possesses 
the lowest vapour pressure at all temperatures; hence on distilling mixtures of 
formic acid and water this constant boiling point mixture tends to collect m the 
still. 
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^216. Steam distillation. 

‘ The vapour pressure of a mixture of two immiscible liquids is the sum 
of the vapour pressures of each constituent. On distilling such a mixture, 
when the sum of the vapour pressures of the two liquids equals the attno-, 
spheric pressure, the liquii'.s distil over and the distillate contains each of 
the constituents such that its composition remains constant until one of 
the constituents has completely distilled over. 

The composition of the distillate can be calculated when the following 
data are known: (i) the boiling point of the mixture, which is always 
lower than that of either constituent, (2) the vapour pressure of each 
constituent at the boiling point of the mixture, e.g. a mixture of water and 
n. octane has a boiling point of 89-5'' C., and the vapour pressure of water 
at 89'5“ C. is 515*6 mm., whilst the vapour pressure of n. octane at 89‘5° C. 
is 244‘4 mm. The molecular weight of water is 18 and the molecular 
weight of n. octane is 114, hence tbe distillate^ will contain water and 
n. octane in the proportion of 

18x515*6 is to 114x244*4, i.e. 92H0 is to 27861, i.c. i is to 3. 

It is thus seen that if a substance has a high molecular weight as well as 
a high boiling point it ran be distilled at a lower temperature than its 
normal boiling point by blowing steam into it : this property is made use 
of in refining petroleum and shale oils; in order not to decompose the 
higher boiling point members during distillation, steam is passed into the 
stills, when these members distil over w ith the water at a lower tempera- 
ture than they would normally. 

Fig. 24 depicts a laboratory method of carrying out a steam distilla- 
tion. 

^217. Distillation in vacuo. 

As pointed out in § 214 the boiling point of a liquid can be lowered by 
reducing the atmospheric pressure in the still ; this property is also made 
use of in distilling those substances which would undergo decomposition 
at their boiling point, or possess a very high boiling point ; as e.g. the 
lubricating oils and some mineral waxes. Fig. 19 shows a laboratory 
arrangement for distillation in vacuo. 

^218. Destructive Distillation. 

In the mineral oil industry two distinct types of destructive distillation 
are carried out represented by : 

1 . The Decomposition of Petroleum and Shale Oils 

during the distillation. The amount of decomposition depends upon the 
degree of heat to w'hich the oil is submitted and can be controlled itithin 
certain limits. At high temperatures ihb higher paraffins are decomposed 
into lower members with the simultaneous formation of Olefines, e.g. 

^2* 4ac + 2 ~ 0* H + u d* • 

Paralfin rarailin Olefin 
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ThQ lower parafilin can then undergo a similar decomposition, and this 
process will continue until a paraffin is formed which boils at prevailing 
temperature without decomposition. The olefines formed probably 
gUndergo polymerization forming members of higher molecular weight, viz. 

2C„H2»=C2»H4„, etd. 

It should be noted that this process of destructive distillation or 
“cracking," as it is technically termed, gives n larger yield of th(' lighter 
and burning oils at the expense of the lubricating oils and paraffin wax. 
Consequently the distiller regulates the distillation by admitting more or 
less steam to the still, so as to produce more ^or less of tlie fractions 
required. 


LABORATORY AI'RARATU.S FOR STEAM DIS^'ILLATION 



rig. 24. A. Taper tin (1 to 2 g.ilL.) foi i>ioducing .^cnin. 

P>. Flask voinaining lujuid to be fiistilled. 

C. ('ondensei. 

D. Reccncr. 

Cracking is prodiu ed technically by 

(1) Distilling under increased pressure by throttling the outlet of 

the still. 

(2) .Xllow'ing the condensed distillate to kill back on the highly 
heated cliarge m the still. 

The ])ioduct olitaincd is not identic.il with the natural distillate, and is 
much inferior, taking more acid in subsequent refining and losing its 
coloift’ on keeping. The odoui is also much stronget. 

* 2 . The Decomposition Cf Shale and Coal. 

The distillation of these bodies consists in the heating of them to moie 
or less high tcniperatines in the absence of air. Depending upon the 
temperatures used and the nature of the coal or shale, so the products of 
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distillation vary. With each substance more or less gas is obtained -and 
liquid distillates, viz. coal tar oil and shale oil, whilst coke is left in the 
retorts. 



Fig. is- One of a bench of cylinder stills. There jire usually six in a bench, 
capacity 600 barrels of crude oil each. Constructed of wrought iron or steel, 
and formerly completely bricked m, but the top is now commonly left expqt>ed 
to obtain “ cracking ” of the ilislillate. • 

a. Grate. 

d. Dome with outlet to condensers. 



Fig. 26. Section of “Cheese Box” type of still. It is supported on arches of 
brickwork and has 17 fireplaces. The ilischarge pipe (a) is capable of being 
raised and lowered by means of {6). 

Fireplaces at c and c\ («/) is central flue leading to chimney. 

Capacity 12CO barrels crude oil. 

§219. Types of Distillation S?lant. 

Figs. 25 and 26 show two models of stills in use for the distillation 
of crude petroleum. The approximate dimensions and the capacity are 
also shown. 
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In Russia a continuous system of distillation is largely employed. 
Each unit consists of 14 to 16 stills which are so placed that the oil flo\^s 
through the series by gravitation. The method is shown in Fig. 27. The 

DIAGRAM OF CONTINUOUS DISTILLATION PROCESS 

A 





Fig. 27. Each series consists of 14-16 stills. Each still is 24 feet by 8 feet. The 
oil enters and flows out by means of 4 inch pipes connecting with 6 inch 
mains. The temperature is gradually increa^ed in each still of the series. 
The flow is by gravity and once adjusted the whole series needs only a single 
man’s attention. Stills when out of repair can be disconnected from the 
leries. The fuel used is liquid astatki “ atomised ” by means of a steam jet. 

oil enters and flows from each still through 4-inch pipes controlled by 
valves and connected with 6-inch mains. The temperature is increased 
in each still of the series. There is a great economy of labour and 
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handling, as the stills once adjusted are capable of being worked by one 
Hjan. When a still requires repair it can be disconnected from the series. 

The fuel employed in Russia is the residue from the distillation, known 
as '‘^astatkV' This is conveyed hot in pipes to the furnaces, and the fuel 
is “atomised” by the action of a jet of steam, by means of which a 
perfect combustion takes place. 

The condensers are mainly of the parallel tube type. These consist 
of pipes cooled in wooden troughs with circulating water and laid with a 
slight fall. The uncondensable gas is removed by means of a vertical 
pipe and trap. After condensation the oil passes a glass observation 
door, where the colour, etc. can be seen and then connects with 5 or 
more pipe junctions, with valves, by means of which the distillate may 
be run into any one of a number of underground tanks (Fig. 28). 



Fig. 28. Distributor for separating the various fractions. I'he discharge pipes 
I — 5 connect with underground tanks. 

At A is the observation window where samples are taken and the colour 
and consistency of the distillate niay be judged. The controlling valves for 
the various tanks are at a. 

§220. Character of the Products. The products of distil- 
lation vary in character and amount according to the source of the crude 
petroleum. Thus American petroleum differs from Russian in several 
important particulars. This is shown below ; the figures representing 
percentage yields. 



United Sutes 

Baku 

Light petroleum 

16-5 

2-5 

Kerosene 

50-54 

30 [+from 4-6 “solar oil”] 

Lubricating oil 

17 

37 + 28 “ light lubricating solar oil ” 

Paraffin wax 

2 

— 

Residue 

loss 10 coKe 

24 astatki 


The residuum in Russia being employed as a fuel is in good demand . 
and there is thus less inducement to “crack” in distillation. Compared 
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with American oil, the yield of light naphthas is small, but there is a high 
prdjportion of lubricating oil, and much valuable fuel material (astatki). 

In the first distillation the American practice is to separate th^ 
products into 3 mafh divisions : 

(r) Fraction B.p. up to 150° C. (crude naphtha). 

(2) „ „ „ 1 5o'"-3oo'’ C. ffcrude kerosene). 

(3) ,) above 300“ C. left in still. 

These fractions are each redistilled as described under, and separately 
refined. The heavier fractions of (i) will be similar in character to the 
lighter fractions of (2), and a quantity of heavy oils of the lubricating 
class will be obtained on redistillation and fractionation from the crude 
kerosene fraction. 

In Russia much the same method is used, but the still residue contains 
a large amount of the valuable liquid fuel “astatki,” and distillation of 
this fraction to coking point is not found remunerative. 

SHALE. 

§ 221 . Shale coffers from petroleum in many important respects, 
but chiefly in that the oil is not obtainable by ordinary disiillatio?\ or by 
extraction. In order to obtain oil the shale must be destructively distilled 
and the complex carbon compounds which it contains split up. In this 
respect it resembles coal but diflers from tin latter in yiiflding hydro- 
carbons belonging, not to the benzene series as in the case of coal, but to 
the paraffin and olefin groups like pctroleur.. It also resembles coal in 
yielding in addition to oil, a watery liquor rich in ammonia, from which 
sulphate of ammonia is produced. The yield of this substance often 
compensates for a poor yield of oil in the lower class shales. 

S 222 . Deposits of shale exist in the following countries : 

Scotland, 

France, 

New South Wales, 

Nova Scotia, 

Servia, 

Saxony. 

The Scotch Industry is the most important, and the French is the 
oldest, but in the latter country the oil has not been able to compete with 
Petroleum. 

Oil Shale is dark grey-black material with a laminated horny fracture. 
Specific gravity 175. The mineral constituents vary up to 75 — 80 per 
cent,, and the yield of crude oil varies from 18—40 gallons per ton. The 
c^ude oil, or “ once run oil,” is jjark green, of specific gravity o*86 — 0*89, 
and solidifies at 90*" F., conlaming 10- -15 ^er cent, of paraffin wax. It 
consists chiefly of Paraffins and Olefins, but contains i — 1*5 per cent, of 
Nitrogen in the form of Pyridine bases. 

i6— 2 
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A ^cry rich shale was the material known as “Boghead coal.” Thist yielded 
70 per cent, of volatile substances, and from no to 130 gallons of crude oil -per 
ton of material. The deposit was worked out in 1862. The richest shales at the 
present time give a yield of about 36— 40 gallons per ton, of crude oil and 25 
to 35 lbs. of ammonium sulphate. The area of the deposits is usually small and 
the seams average four feet in ^thickness. 

§ 223. The shale is usually mined by blasting, and the mineral 
conveyed by chain haulage to the retorts. A toothed breaker reduces 
the lumps to pieces of uniform size, about J foot square. The cost of 
shale delivered to works is stated to be 4 to 6 shillings per ton. 

DIAGRAM OF A SHALE RETORT IN SECTION 



ftrtbrtCh 


Fie 20 Diaerara of the “Fentland »etort“ (Young and Beilby, 1882). The 
too section is of iron, the lower of firebrick. The chambers of the retorts are 
in eroups of four surmounted by a “Jumbo.” The lower part is filled with 
spent shale and heated. The upper part is charged with raw shale and steam 
blown in ai the bottom. The products are drawn off through the vapour 
mains, the spent shale is removed below and the charge gradually subsides 
in the retort, fresh material being introduced at the top. 

Capacity = 30 cwt. per retort ; 8 cwt. every six hours. A bench consists of 
80 retorts, which deal with joo to 120 tons of shale per day. 


§ 224. Distillation was first carried out in coal gas retorts but 
the vertical type was soon introduced. Steam was used to carry off the 
vapours. The spent shale is now used as fuel in the furnace, and the 
gas produced is also employed as a heating agent. The temperature 
employed is about 8oo’ F. The modern form of the retort is shown 
Fig. 29 together with a description ot its working. Condensation is 
carried om in a similar manner to petroleum. The gas is “ scrubbed ” to 
remove tarry matters, and is then chiefly used for fuel in the retorts. 
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OZOKBRIT. 

*§ 225 . As mentioned on page 194 ozokerit has been found in a 
meteorite. It is found very widely distributed, but chiefly in Galtcta . 
k is probably an <&idation and condensation product of petroleum. The 
industry dates from i860 and is chiefly carried on in the neighbourhood 
of Boryslaw. The production was highest in the year 1885 (13,000 tons) 
and has since fallen to a fraction of that quantity. 

It was formerly mined on a very primitive system, but modern methods 
are now in vogue in many places. The products obtained are either the 
nearly pure wax in fragments, or earth containing much ozokerite. The 
pieces of w'ax are melted in water ; the earthy fragments are sorted ^nd 
extracted with benzene. 

LIGNITE OR BROWN COAL. 

§ 226 . This is an important industry of Saxony. The brown coal 
widely both in appearance and composition. Many varieties show sf wbody 
structure. On distillation it yields acetic acid and is thus distinguished from 
shale and coal which give ammoniacal watery distillates. The crude tar is light 
and of a buttery consistincy. The best coals yield 2—10 per cent, tar, «5~bo per 
cent, coke, 20—40 percent, aqueous layer, and 5—25 percent, gas. fol- 

lowing are the average yields obtained in jieiw ntages of the tar ; 

• F. Specific. Gravity 

Naphtha (i) 2-6 130^ -IT"' 071-075 

Naphtha (2) 8—30 i^o' -? 2 & 075-0-82 

Solar Oil 15—50 220^- "^90*" 0-82—0-88 

Lubricating Oil i,>-3o 290^-320^ 0-88-0-90 

Paraffin Wax I 'S— 0-89—0-91 

Asphalt 14—20 

Gases ^ — 10 

Water f<-20 

In place of distilling lignite, it may be tiealed for a high melting point 
wax. This is performed by either extracting with benzine or distillation with 
superheated steam, and the hard crude wax so obtained refined as indicated on 
oaee igi. The yield of crude bitum*-r wax is 7— to per cent, of melting point 
70°— 85°C. It is a lustrous, brittle, non-crystalline substance of dark brown 

colour. 


REFINEMENT OF MINERAL Oil S AND WAXES 
8 227 . The refinement of the distillates derived from Petroleum, 
Shale and Lignite all follows the same course. The first treatment is 
designed to separate the constituent hydrocarbons of the crude fraction 
more completely. This is done by re-distilling, and collecting the dis- 
tillate in fractions, between definite boiling points or specific gravities. 

second treatment i3 nece.sjary to remove the substances present 
other than hydrocarbons, such as phenols, pyridine bases, and tarry 
1 Other countries where ozokerit occurs are Seivia, Egypt, Russia, Orange 
* River Colony, Utah. 
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matters which colour the oil This is accomplished by treatment with a 
specified quantity of strong sulphuric acid followed by a wash, and* in 
some cases an after treatment with weak alkali. The more volatile the 
fraction, the easier, generally speaking, is it to refine add obtain colourless. 
More volatile fractions require less sulphuric acid and a shorter time of < 
treatment ' 

§ 228. Naphtha. 

Naphtha, or the crude light fraction from various crude oils, is 
fractionated into various grades which have different names in different 
countries. 

Typical fractions art given on page 198. From J to | per cent, of 
sulphuric acid of 66“ B6 is used, and it often has a final wash with weak 
caustic soda. 

^The yields of naphtha vary, being highest in some East Indian oils, 
moderate in American and low in Russian. Sha^e yields roughly about 
half the quantity of average American petroleum. 

§ 229. Kerosene. 

Kerosene, or illuminating oil, the middle fraction from crude oils, is 
treated with about I'J per cent, of 66“ Be sulphuric acid in vessels of 
about 1,200 barrels capacity (48,000 galls.). It is previously freed from 
water by settlement, and the acid is admitted tlnough a spray and 
thoroughly mi.xed, either with mechanical agitation, or by means of an 
air blast. The acid is frequently added in three portions; a small 
quantity first to remove traces of water, and two further additions, which 
are allowed to act for one hour and then settled and drawn off. The acid 
treatment is followed by a washing with water, which is allowed to fall 
in a shower through the oil, any agitation being apt to cause troublesome 
emulsions. This is succeeded by an agitation with a one per cent. 
Caustic Soda Solution, after which the oil is again washed with 
water. In older to reduce the flash point, the oil is “ sprayed ” — if neces- 
sary — i.e. forced through fine spray nozzles so as to induce spontaneous 
evaporation of the very light fractions. 

§230. Lubricating Oil. 

The Lubricating Oil crude fraction is further fractionated in a 
vacuum still, under reduced pressure with superheated steam. The object 
of this is to prevent “cracking” of the oil into lighter fractions, and to 
assist the carrying over of the heavy vapours. The loss, in treatment 
with the gas and coke amounts to about 12 per cent. The condensers 
are kept warm to prevent the solidification of the paraffin wax (U..S.A ). 

The first fraction is kriliwn as Solar Oil (see also page 199) also 
called “intermediate” oil. This is too light for lubrication, and also too 
heavy for burning, but finds an outlet in agriculture and other purposes.* 
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The next fraction is the Spindle Oil, also graded as “heavy” and 
“iight,” used for lubrication of fine machinery, dynamos and high-speed 
work. It is frequently blended with sperm oil for this purpose. The 
following fraction arc of Engine Oil grade and intermediate in 
character. The best oils are characterised by an absence of paraffin 
wax and have low freezing points. Finally tome the Cylinder Oils of 
varying degrees of viscosity, and here again it is very necessary to free 
the oils from paraffin wax. In the case of the Russian oils, the distillates 
are practically free from wax. (For details of the treatment of the oils^ 



DIACxRAM OF SIMPLE FORM 
OF WAX SEPARA rOR 

ig* The iron cylinder in which 
chilled biine circulates is slowly 
revolved m a shallow troigh of 
oil. The wax solicUties and ad- 
heres to the cylinder while the 
oil runs off. A scraper removes 
the wax to a draining trough. 


DIAGRAM OF 
HENDERSON’S COOLER 

Fig. 31. Consists of a trough shaped 
vessel, with a jacket in which 
chilled brine ciicuhUes. In this 
case the scraper revolves inside 
the ves=!cl, and deposits the wax 
in a well, in ^^hich it is kept 
siiired and pumped to filter 
picsses which remove remainder 
of oil. 


heavier fractions for removal of wax, see belo’v.) The acid treatment 
consists in agitation with 5 to 10 per cent, of sulphuric acid of 66’ Be. at 
a' temperature of So'’— 100” C. The “acid tar” (‘‘foots”) is drawn off 
and the oil treated with weak .soda, and finally washed with water at 
6o°— 70" C. Mechanical agitation is preferred to the use of an air 
blast. Emulsions are easily produced, and are very difficult to separate. 
^The yield of lubricating oil varies very much with the source of the 
crude oil. Russian Oil gives The highest yield, shale oil and some lignite 
crudes come next, and American varieties on the average have the lowest 
yields. 




248 


PRODUCTION AND REFINEMENT OF 


[§V 


Mineral Waxes. 

^ § 231 . Paraffin Wax is obtained chiefly from shale oil, lignite, and 
American and East Indian petroleum. The last name(^ yields a very high 
melting point product. Russian petroleum contains practically no wax.’ 
The highest yields are obtaijjied from shale oil, which contains upwards of 
10 per cent, of wax. The lubricating fractions are cooled with freezing 
brine and the wax separated in the manner shown in the diagrams (figs. 30 
and 31). 

The crgde wax, known as SCALE, is then refined by what is 
termed sweating. This consists in exposing the solidified wax to a 


DIAGRAM OF SWEATING PROCESS 



r 

Arrangement of 
steam pipes 

^ The trays tie 
on the top 
of pipes 




gauze support 


Fig. 31. The Henderson process of ** sweating ” consists in the use of trays, 
.supported on stands and lying over steam pipes as shown. Each tray has an 
outlet connected with discharge tubes and a false bottom of gauze (sixteen 
meshes to the inch). Before charging the trays are filled with water up to 
the gauze support, the tiays are then filled with melted wax, and on setting 
of the latter the water is run off, leaving a cake of wax supported on the 
gauze. The stove is heated to 80“ C. for .some time and then maintained at 
the swe.iting temperature until all the liquid products have run off ; when the 
steam pipes are heated and the melted wax run off. 


warm temperature in shallow cakes, when the liquid products gradually 
** sweat” out and are earned. away. The melted wax is finally agitatec^ 
for ij hours with animal charcoal or siliceCus earths, filtered and moulded 
. into cakes. Fig. 32 is a diagram and description of the arrangements 
used for “ sweating,” 
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§ 232. Osokertt Wax. 

The refining of ozokerlt is carried on in refineries at Hamburg, Drohobycz 
and Vienna. The refined product is known as “ ceresin.” It was formerl^ 
refined by distillalioj# with superheated steam The modem process is due to 

DIAGRAM OF CONTINUOUS TYPE OF EXtTRACTION APPARATUS 



Fig* 33* Extracting vessel with manhole for charging, false bottom, anti 
steam coil. 

B. Evaporating vessel. The solvent is here distilled constantly off, 
leaving the oil and the vapour condenses in 

C. The condenser, and runs into 

D. The store tank, whence it continuously flows into the extracting 
vessel A. 

JSoyen. Open wrought iron pots are employed of capacity about 3000 kilos, 
i^ood is provided for the fimes prqjiuced. The wax is melted and heated for 
^6 hours till anhydrous. At alwut no°C. i8’*to 20 per cent, of fuming 
SULPHURIC ACID (78 percent, anhydride) is added slowly during vigorous stirring 

i Field’s patent, 187a 
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with an iron paddle. Copious fumes of sulphur dioxide are evolved. The fire is 
then increa-sed, and at 140° C. a precipitate (“acid asphalt”) forms which sepaptcs 
As the tempemture continues to rise the precipitate becomes 
oranular, and the maximum is reached at 175“ C., at which it is kept for 3 hours. ^ 
W next day the wax is run off from the setHemcnt 

added, and much frothing occurs. The charge is raised again to 130 C. • 

samples should now be pale'ye«ow in colour. Decolourising powder is added 

in melting the crude wax wUh a large amount of ' 
animal “ char,” and extracting with benzene. The extraction plant used is shown 
in Fig. 33. The product obtained is stated to be mote plastic than the acid 
refined wax. 

^ § 233. Yields of Fractions from Distillation. 

The following table gives the average yields of commercial fractions 


Naphthas 
Illuminating Oil 
(Kerosene) 
Lubricating Oils 

Paraffin Wax 


U.S.A. 

Russia 

Crude Oil 
f Shale 

Crude Oil 
LiKUite 

17 

2 

6 

2-17 

50-54 

36 

f 32 


17 

62 

24 

18-40 

(with solar 

oil) 


2 

— 

13 

5-40 

10 


“5 

to 40 


1 precipitated silica and aluminium silicate have been found supciior to animal 
charcoal for this purpose. 

2 Distillation not carried to coking point, sec § 220. 
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§ 234 . As stated in a former chapter (page 3) the essential oils form 
a class distinct in themselves, being of fundamentally different chemical 
composition and having quite a different application technically from the 
previously described oils. * 

There is however one natural product belonging to this class which it 
is customary to describe along with the “ fi\ed ” oils and fats. This is the 
oleo-rcsin from which common ‘‘Rosin” (Colophony) and “Turpentine” 
are obtained. The reason for this is found in the fact that both tliese 
products are used very largely in the industries usually associated with 
the fixed oils and w%xes, viz. soap-making and polish-manufacture (boot 
polish, furniture polish, etc.), whilst the other and less common m^nibers 
of the class are employed exclusively m varnish-making, perfumery and 
allied trades. It is therefore thought desirable to include brief descrip- 
tion of these two pr(.<ducts. 


CHAPTER XXII 

TURPENTINE AND ITS SUBSTITUTES 

§ 235 . “Turpentine,'' or “Oil of Turpentine” is obtained by the 
distillation of the exudation from vaiious species ot trees belonging to 
the Coniferu’. The industry is carried on piim ioally in the United Slates 
and in France, but smaller quantities are also produced in Germany. 
Russia, Spain, Sweden and India. 

The principal varieties of trees are as follows : 

America- Pinus Australis. German— Pinus Sylvestris. 

France— „ Pinaster. Russia— „ „ 

„ Maritiina. India - „ Longifolia. 

§ 236 . The method used for obtaining the natural product is to 
“box” the trees during winter by making incisions into the trunks about 
1-2 feet from the ground. These incisions are in the form of cups or 
^oxes” which will hold about h to i gallon of the exudation. The 
^nk above the “box” is cleft m several places so as to assist the flow of 
the oleo-resin, which takes place chiefly from March until September. 
The exudation is then collected Irom each tree, and conveyed to the 
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refinery where it is placed in stills. In the old works these are fire 

S eated, but more modern plants employ superheated steam for the 
istillation. The turpentine distils over, and is condensed together with 
water vapours in a water condenser, while the residuetn the still consists » 
of the rosin of commerce. The yield of turpentine is about 20 per cent. 
of the charge. The use of ffre heat produces a darker coloured rosin than 
that obtained with superheated steam owing to overheating of portions 
of the still-charge. This is mitigated by the use of a steam pipe blowing 
steam through the heated mass, and by this means the rate of distillation 
of the turpentine is also considerably increased. 

The distillate consists of the turpentine and condensed steam. After 
settlement it is transferred to barrels for shipment 

§ 237 . Russian Turpentine. 

Russian turpentine is obtained by distillation of the wood of the Scotch 
fir {ritf.ts sylvesiris). It has a strongly pronounced odour which unfits it 
for use with varnishes, etc. 

Many patents have been taken out for its deodorisation, and though 
some are effective the unpleasant odour has a tendency to return after 
exposure to air. 

Chemically it contains a very much smaller percentage of Pinette than 
American turpentine. 

For the recognition of Russian turpentine in American the following test' is 
applied : 

10 drops of Hydrochloric acid are added to a mixture of 5 c.c. of the suspected 
oil and 5 c.c. of Acetic Anhydride. The mixture is cooled and a further 5 drops 
of Hydrochloric acid is added, and it is again shaken and cooled. In the presence 
of Russian Turpentine there is considerable darkening, but if pure American, only 
a faint yellow colour is developed. 

§ 238 . Wood Turpentine. 

This is a product obtained in a similar manner to Russian turpentine, by 
distillation of the branches and roots of the pine. Owing to the improved 
methods of distillation — with steam — and fractionation of the distillate, 
a product is now obtained which resembles a genuine turpentine so 
closely as to be differentiated therefrom with difficulty’-^. It should be 
carefully tested for smell by exposing a portion in a dish together with 
some turpentine of undoubted genuineness for several hours and com- 
paring the odour of each. Another excellent test is to shake the oil with 
an equal volume of SULPHUROUS ACID of 1*03 specific gravity. On 
separation, the “wood oU” sample will be coloured ^een. For the 
detection of admixtures of “wood oil’* with genuine turpentine, the 
sample should be steam distilled, using a control experiment un(^r 
identical conditions with genuine turpentine and the fractions carefully' 
compared. 

' Piest, Chtm. Zeit,^ 19 n, 198. 

* The Iodine value is usually lower; i.e. not over 300, comparing with genuine 
> turpentine 380. 
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§ 239. Properties of Turpentine. 

• A colourless, mobile liquid with a characteristic odour. American 
the sweetest, Russian being usually somewhat rank. 

Specific gravit/o‘855 — 0 870 at 15*5® C. (Russian to 875). 

B.P. about 160®. 

Flash point (Abel) 93“ —95“ C. 

Optical Activity * 

American +i*to+i5“ (dextro-rotary). 

French —18® to -40° (lacvo-rotary). 

Russian dextro-rotary. 

Refractive Index : 

1*464—1*474 (15“ C.). 

7® — 10“ on Jean’s Oleo-refractometcr K 

§240. Ohemical Composition. 

Turpentine consists almost entirely of the TciiJcne a 

hydrocarbon of the fcfltmula CioHie, which exists in two modifications 
a and /S Pinene. The amounts of each in the American, French and 


German oils arc as follows ^ : 

tt Pinene jS Piiune 
American (per cent.) 72 28 

French ( „ ) 63 37 

German ( „ ) 7: 27 


Russian and Swedish turpentine consist mainly of the terpenes, cinene 
and sylvestrine^ hydrocarbons of the formula CioHjc, and very small 
quantities of pinene. 

The pinenes are complex hydrocarbons whose structure has been 
determined as the result of much work. The following structural formulae 
are those now usually accepted : 

a pinene ^ i^inene 

CH , , CH CHa 

I i II 

C(CH3)2CHa CHa C(CH3)2 

CH— 1 I CH.C:CHj.CHj 

Cinene is the optically inactive form of limonene or dipentene and has 
the following structure ; 

CHs 

C 

CH 

HjC:C.CH, 

J Fryer. ' » G. Vavon, i9io >So.ni7—«'30. 


CHj 

CH:C(CH,). 
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(.)n reduction with Hydrogen and a catalyst a hydrocarbon CioHig 
in all cases produced. 

§241. Adiilteration. 

Petroleum distillates are indicated by a low flash point, low. , 
specific gravity and refractive index. They are determined by treatment 
with Sulphuric acid and subsequent distillation. In these conditions the 
turpentine is is converted into a viscid oil, whilst any petroleum fraction 
remains unchanged. The method* is as follows : 

Place in separating funnel 300 c.c. of 'I'urpcntine to be tested. 

Add 100C.C. of Sulphuric acid (66 7 c, H2SO4 by volume). Shake 
cautiously, cooling if mirch heat is generated. The viscid product is 
separated off* and distilled with steam. 

The oily portion of the distillate is again treated with acid (75 7 ^ 
H2SO4 by volume) and again distilled with steam. If volume of distillate 
exceedl? 1 c c.c. the excess is reckoned as roughly jue to added petroleum 
distillates 2 . 

Rosin Spirit. ^ 

Is indicated by the odour, and the behaviour on distillation. In the 
case of added Rosin .'>pirit, the temperature gradually rises, and the 
quantity of the fraction boiling at 156' — i6o‘ C. is reduced. 

“ Rf.oknerated’' Turpentine. 

This is a product of synthetic camphor manufactme, and is used to 
adulterate genuine turpentine. It is detected by its high boiling point. 
Genuine turpentine distils at from 155" to 175" C., about 80 per cent, 
coming over below 165"' C., whilst “regenerated " Turpentine only begins 
to distil at 170" C.-'. 

Wood Turpe.ntinf (see § 2.^8) cannot be strictly cnllcfl an adulterant, since 
U-. clicMuicat composition is almost identical with the oil distilled from the oleo- 
re'-in It can be usually detected by its “cmpyievunalic” odour, due to products 
of decomposition derived from the wood. 

§ 242. Uses. 

Turpentine is largely employed as a sohent and vehicle in varpishes, 
polishes (lAhere it dissolves wax) and many other manufactured products. 

It is readily oxidised in contact with air, and the oxidised product, 
especially that obtained by blowing air through Russian turpentine, has 
valuable antiseptic properties. 

* An improved method is described by Krieger in Chem. 1916, 40 , 

47 ^— 473 - 

* .See also in Vol. II. (Practical Work). 

J. Marcusson, Chem, Zeit.t 1909, 38 , 966 —967. 
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ROSIN 

§ 243. As, previously stated (page 252) rosi^ is the residue left in the 
still after all the oil of turpentine has passed over. The molten rosin is run 
into casks with or without filtration, and here it solidifies to a viireous 
mass. The colour of rosin depends on the manner in which the distilla- 
tion has been carried out. It varies from “water-white” (“ \V.W 4 ) %nd 
“ W.G (“\Vindow glais”) to nearly black. 'i‘he commercial grades are 
represented by letters, the quality improving as one descends the alphabet. 
’Thus “ A ” is tlic comflionest quality of all, “ K ” is a medium quality and so 
forth. 

Rosin is a vitreous substance, the best varieties being almost trans- 
jiarent and nearly colourless. It is extremely britMe. The melting point 
varies and is not clearly defined, the rosin often s(/tening at a temperature 
below that of its actual melting point, which is usually over loo^'C. The 
odour of rosin is pleasantly aromatic and quite characteristic. 


§ 244. Physical and Chemical Data. 


Specific gravity at IS’S” C. — 

1*067 

--ro8i. 



Melting point - — 

over 

loo'* C. 



.'Vcid value — 

130- 

181 

Average 

164 

S.iponification value 

147- 

-.83 


175 

ICster value — 


-j6 


15 

Iodine value 

55 - 

-180 


1 10 

Unsaponifiablc value — 

5 - 

15 


7-5 

The Iodine Value is indefinite and 

varies 

accord m 

g to the 

time 


action of the solution, degree of concentration, and amount of excess 
of reagent present. It acts by substitution .s well as addition (see 
page 79)- 

§245. Chemical Composition. 

Rosin consists of free acids and small quantities of anhydrides h 
Accd!-ding to Fahrioft^ the acid (Abiotic acid) has the following 
firmula ; > 

^ Lewkowitsch, Oils and Fats ^ Vol. I. p. Sit, 

* C/iem. FevuCf 1911, 239. 
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COOH 

I 
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c 

/\ /\ 

H . C CH-CH CH 

ill! 

HaC* CH-CH CHg 

\/ \/ 

CH CH 


C3H7 


CsHy 


It contains (like Linolic acid) two pairs of doubly-linked carbon atoms, 
and one a^id (carboxyl)* group. If it absorbed ICl regularly like Linolic 
acid it should give 168*2 as Iodine value, but the full amount does not 
appear to be taken up. On oxidation with alkaline permanganate, rosin 
adds on four hydroxyl groups^ (see Linolic acid, page 47). The presence 
ot the'^carboxyl group explains the general resem|^lancc to the fatty acids. 
Thus it forms with Potash and Soda salts which closely resemble the 
“soaps,” and give a “lather’’ in aqueous solution^ are “salted out” by 
means of solutions of common salt, and arc hydrolysed by addition of 
e.xcess of water. 

.A-bietic acid appears to exist m Rosin in varying amounts, and from 
some specimens none was able to be separated. 


§ 246. Properties. 

Rosin is insoluble in water. It dissolves in alcohol [i in 10 of a 
70 per cent, strength spirit, and in its own weight of alcohol at 60" C.], 
ether, chloroform, glacial acetic acid and fixed oils. The percentage of 
unsaponifiable matter varies according to the extent of heating during 
distillation and consequent decomposition into hydrocarbons. 

As previously stated above, Rosin forms soluble salts with alkalies 
resembling the “ soaps.” 

These aie soluble also in alcohol, but only very sparingly in Ether. 
Precipitates are produced by solutions of salts of the other metals. 
The zinc and copper “rosinates” are soluble in ether, while calcium 
“rosinate” is insoluble. 

On dry distilling rosin, “ rosin spirit ” and “ rosin oils ” are obtained 
(V. §§ 249, 250). 

As rosin is used in conjunction with oils and fats, its detection and 
determination in the latter is important. 

It is best detected by the Liebermann Siorch test (Practical section) 
and its determination is based on the fact that it forms no esters on 
treatment with absolute alcohol ar4 hydrochloric acid [“ Twitch^ 
Metkod’*\ For details of inethod, see Practical section. 


Levy, Berichte^ 1909, 4305. 
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§247. Uses. 

In conjunction with oils and fats in soap-making. It is employ^ 
in both soft and hard soaps, and gives a free lathering property to them, 
fn soft soap, used/to the extent of 7—10 per cent., it has a brightening 
clearing efifert. Cheap soft soaps are commonly heavily “rosined.'^ 
It is also used as an adulterant of the higher priced vnrnish gums, and for 
stiftening waxes, and to a less extent in many other industries. 


§ 2 48, Derivatives o f Rosin 

Rosin is distilled in tire heated stills into which passes superheated 
steam, or by means of superheated steam alone# The sleam^carries*the 
vapours resulting from the decomposition of the rosin into the condenser, 
and prevents the formation of an excessive amount of gas. 

At alioLit ISO^C. a liquid di.still.ite comes over. 'Phis is collected 
until the temperature caches 200” C. when the rer uiver is c hanged. 

The temperature is cautiously raiseil until it regisieis about 350 C. 
At this heat the still residue is liquid and can In* drawn off. At higher 
temperatures coking occurs. The distillates are scpavcUcd so as V'. )ield 
fractious as under : 


Acid water (condensed steam (.ont.unin 
Acetic and formic acids) 


■] 


5 }>er cent. 


Rosin spirit, 

crude 

10 

Pale yellow 

rosi oil 

40 

Blue 


20 

Green 

>> 

25 


Cases constitute about 5 per cent, anrl pitch aboiu 20 per cent, ot 
charge. 


§ 249. Rosin Spirit. 

The crude rosin spirit or “Pinoline” is puriHed by agitation tvith 
about one quarter its weight of 10 per cent, caustic soda solution. It is 
then redistilled. 

It is a colourless mobile liquid, with a somewhat sharp, not unpleasant 
odour, insoluble in water. Specific gravity o'btx 

Rosin Spirit is a very complex mixtifre containing hydrocaibons of 
different boiling points with varying amounts of rosin acids and hence 
the spirit has no constant boiling point. Tlie hydrocarbons so far 
identified belong to the raraflins, Olefines and Ihmzenes together with 
Hy^lrobenzenes. The products however vary considerably according to 
^hethcr the rosin has been dry jjistilled or steam distilled. 

It is used as a solvent, and as a turpontftte substitute— sometimes as 
a turpentine adulteiant. The detection ut small percentages in turpentine 
is a matter of difficulty. 


F. & W. 
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§ 260 . Rosin Oils. 

^ The heavier fractions from the disstillation of rosin are termed “ rosin 
oils/’ and these vary in colour, consistency, and density, the earlier 
fractions being lightest, palest and most mobile. TS»e specific gravity 
varies from ‘92 — *99 and isr occasionally over ro. They all exhibit a 
strong blue fluorescence^ and contain, besides hydrocarbons, phenols and 
varying amounts of free rosin acids (from 9 — 30 percent.) the percentage 
varying according to the specific gravity of the fraction and the rate at 
which the distillation was conducted. 

They arc refined by treatment with Caustic Soda, wh«<'h removes 
much of the colour and ^the rosin acids. 

These refined oils are not readily distinguished from mineral oils 
except by their greater density (’95 - ro). 

Kosin oils ate mainly employed in the manufacture of rough greases 
for c.ata, etc. This is accomplibhed by treating them with milk of lime, 
the lime combining with the rosin aciils present, a siift* emulsion resulting, 
trom which the water does not separate. 

They are also used to adulterate vegetable and anVmal oils, particularly 
linseed oil, and ar* best determined by llic peri'entage of unsaponiriable 
matter, the examinatimi for losin and the determination of the spe/'ific 
gravity, which is high. 
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Steam- jacketted Mixincj Pan 
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Small self-contained Anglo-American Oil Mill 
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Reducing Mill for Coconut and Copra 
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Bone-Crushine Mill 
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riu- 'I'll! will t.ikc anv ^i/c ol bones .'iid rcdin e at one ojH-ialion witli 
T'KlIniin.irv oit‘akaK<‘ <>« tu'ata..(Tit ft lonlams 1wi> p'lis o| nillri\s, the 
lowc'" p.tir lutnishe«l with 'toothed (otnavi-s" 1 le.s en<ibU‘s th« Imencss 
o| the piddiu t to !>«' adjusted hoin h dl-iiT h jiua es to “ bont dust 



Plate A'ry 



Anplo-Amprican Seecl-rrushin." Rolls 

rii.- rniu in- I ..nstni. 1«-*| '.l sih-mjII'. < liiIK-.i ihmi prrssrd |>^ hvdrMiIic 
iiKMii'i «>n to the si«*< 1 1 In- sued j),i--scs nifo tlii' liopjx'i .nul is ltd, 

on to tiif n)ils hy a lliitMl f( i-d \ viiKh' j)l,il«' uini'-s d hctwccn 

the- hr^t t\\o rolls, and ,iftM liyis p.iMidlv oiislird, .1 s(‘( ond <4„idc 

plate i)asses it hidwccn llu- m-. o- 1 .md thud tolls .ind so on idl Ihe^dli 
roll is r(M( lu-d ft is 1 hiis V. usIk d lom tiiiic^ 1 ho |.i''ssiiic i,f ilw i^,lls^ 
is rnainlainefl by .1 ( ombinatioii of ^pniu;s 1 he ;rroov.-s on the first 
pair of roll.-rs an- .'uljuslerl o, the si/.- .d th. a-ed .1 tx-my . nt . los(- 

tot;ether for small -in.l fnrth.-r a!>art lor tlie l.iif^er \ .irj.'li. s 


riaic svii 



Anglo-American Kettle and Moulding Machine 

■ruc kc-ttl.' ‘’n 

l lK' Stirrer is .u Ui.ileil by >e' C ^ l„r nioistening the f«‘' 

,„,U.Ued and is l-rovlded nth ,,ket. The eol.ke. 

AMcai.i pri-ssnre gauge " e”; ' ’ ; ' „„,,n,ie by a shtbng bo^ tilled 

■' ;'T, ‘ UK ket. The tile is <,u.stn.eled u. sled plates 

llu' boUDMi ol llK 
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Hydraulic Cake-forming and Mouldnifr Machine 

'J hoM' 11'. n 111111“^ take Ih'- “ nuMlv” iroiu tin keltic, aii'l, .iti' r the jmcss 
' loth i'. lUljU'^lcd, ])U>s It into the fonn i^l a -Mke 1 hn. .k > oni]'!i'.heil 
I'V mean- ol a liydrauln lam workim; in < onnei tion w h a Ioa ju' 

.11 ( lie iil.iio! .i1 .ihoiit 500 700 ll)s pel s(| iiii h 1 Ins j '-sii'a iclu'es 
the e.ike to .ihout one thinl ol its ornj;in.il (le]>th 
( )ntpnt TJS f ak'‘s jjet bout 


nuilv A IX 



Anglo-American Hydraulic Press 


In llic plc’l --"' .11 ‘ '5iip|)<>rlc(l 1)\ mc.uis oi t.n ks 

Dcsnvu'd .ind tcstc'd Idi* i »>! > tons spiKiic im li 

^L’ho inluinn'. .in' nf mild -^tcc! I 

*Thi' l.otloin li.'is .1 Lii';-- u'C'']it.u It* '.ir roi^uin", the expressed oil, 
hence it is cotkIih leil to iin<lergrouinl tahkA 
C'ap.icity 5oc\\t ]n'i i e horns (approxinialJ^y) 


fi'ftin 





Anglo-American Hydraulic Press 

In t.ln> 1y|-» llw plain-, am ^>uppf)i l)\ link', one tioin lh<‘ otlicr 
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High, Intermedia ce, and Low Pressire Accumulators 

• m.-sc i n-.Mic un.lonimv ..I prr,>.iir in llu Vprr.i li.ni.,. .uni .u l a-. 

lor 111.- l.iinn-. iH.iiK l'nn..l.-.l m.IU -m .iNionMln Un.n: oil ,ur um.- 
niont to .u-t Mnin.-ili.iu-ly the .K.-uniuUloia rea';l\th.- lop ol then -tiok. . 




Ajit;lo-AmerRan Cake PaiMi^ Marliiiic 


/,' . ol 1 li<‘ ( > 1<<-^ 1-^ 1 lif\ ( (unt li Mi.i 1 1ll jn'c's' ,1 u Miliinoii 
ili.'i iiai'il linth i>* ini'i.r^t' '111 oilxuld lo ';im 

la - lilt laU" I In i>.in');as Ik.'viu up. u .i'kui 

n ilu ki Ulr Willi I'u' iri'sl'. i iKiri^i 

il (.1 kni' ‘ il'itiil u) '.tioki N )'- r in-uiiic 




Plate XXV U I 



Ground Plan of Solvent-extraction Plant 
( f.n«> tuns nl vj(m1 ].( r \M-ek 






Platr XXXI 



Section of Cottoniseed Oil iXefineiy 


L 





VJali’ A'A'A'/// 



4-p4ate J^ilter Press (square-pattern) for Oi’s 



rtale A'-V-V / 1’ 

(f 




Fullers’ Earth Refining Plant for Oils 


plaic A' A' A' 17 



Types of Filter Plates 
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Table I. 

> Centigrade degrees equivalent to Fahrenheit. 


Fahr. 

Cels. 

Fahr. 1 

Cels, ij 

Fahr. 

Cels. 

Fahr 1 

Cels. 

O "" 

-17-8 

1 

54 ! 

+ 12*2 ; 

107 • 

4417 

i 

160 : 

471-1 

1 

17-2 

55 

12*8 ll 

108 

42-2 

161 j 

717 

2 

167 


133 1 

109 

42-8 


72-2 


161 

57 

13*9 

110 

43‘3 

163 1 

72-8 

. 

.4 

15-6 

1 S« 

14*4 ! 

fll 

43 '9 

164 

73*3 


150. 

* 59 

15*0 j 

112 

44-4 1 

165 

73*9 


I 4'1 

60 


113 

, 45-0 ■ 

160 

71*4 

7 

139 

61 

i6*i 

lU 

45 '6 1 

167 

75*0 

8 

13'3 

62 

167 

115 

46-1 ! 

16S 

7 y^ 

9 

12-8 

63 

17*2 1 

1 16 

4<>‘7 j 

169 

7^*1 

- 

12*2 

64 

17*8 I 

117 

47*2 

170 

7*7 

I ( 

II7 

65 

i ^^*3 

1 18 

47*8 

171 

77*2 

12 

II I 

66 

i8'9 1 

119 

4 S '3 

4 ‘S ’9 

172 


‘3 

10-6 

67 

19*4 i 

120 

'73 

78-3 

14 

lO'O 

#8 

20*0 : 

I 2 I 

49 *; 

174 

7 ^'% 

15 

9*4 

69 

20-6 1 

122 

50*0 ! 

175 

79*4 

It) 

8*9 

• 70 

211 i 

123 

SO't) 1 

176 

80 -o 

17 

18 

‘S -3 

71 

217 ' 

124 

51 *' 1 

177 

80 '6 


72 

222 

125 

5'*7 1 

1/8 

8i-i 

19 

7 ’2 

73 

22*8 

126 

5 > *2 

179 

817 

20 

67 

74 

23*3 

127 

5-8 1 

iSo 

82-2 

21 

6*1 

, 75 

23*9 

128 

53*3 ' 

181 

82*8 

22 

5 '^> 

76 

244 

129 

5 ) *9 

1S2 

83*3 

23 

5 *<^ 

77 

2VO ■ 

130 

54*4 

'83 

8^9 

24 

4 H 

; 78 

2V6 

131 

55*0 

1S4 

84*4 

25 

3 '9 

: 79 

26*1 

132 

55*9 

185 

85*0 

2() 

3*3 

80 

207 ; 

: 133 

50*1 i 

; i8() 

8 S -6 

27 

2*8 

1 81 

27 2 '! 

! lU ! 

' 5<'47 i 

! 1S7 

86-1 

28 

2'2 

82 

27-8 

'35 : 

: 57*2 : 

’ 57*8 ‘ 

j 188 

867 

20 

17 

1 ^3 

' 28-3 i 

130 ^ 

1 1 8(1 

87-2 

30 

II 

84 

28-9 [ 

137 ‘ 

583 ' 

190 

87-8 

31 

0 0 

1 

! 29 '4 

13 ^^ 

58-9 1 

; 1 91 

88-3 

32 

fo-o 

86 

; 30-0 

, 139 

59*4 ; 

i 192 

88-9 

33 

0‘t) 

87 

' 30 ’6 

1 140 

600 

! 193 

89*4 

34 

11 

1 88 

311 

1 141 

6o-6 1 

! 194 

90*0 

35 

17 

1 89 

317 

1 142 

61 'I 

j '95 

90-6 

3 f^ 

2-2 

i 90 

1 322 

1 143 

617 

196 

911 

37 

2-8 

! 91 

'32*8 , 

1 141 

62*2 

197 

91 7 

3S 

3-3 

i 

33*3 

1 145 

62-8 

u>S 

92-2 

39 

3*9 

93 

33*9 

1 146 

93*3 

199 

92 '8 

40 

4*4 

94 

34*4 ' 

147 

03*9 

200 

93*3 

41 

5*0 

95 

35-0 ' 

148 

64*4 

201 

93*9 

42 

5 *^ 

96 

35 '9 

149 

6s'o 

202 

94*4 

43 

6-1 

97 
! 98 

39 1 ; 

150 

OS *6 

203 

95*0 

44 

67 

397 . 

151 

(^)-i 

20 ^ 

95 *'J 

45 

72 

1 99 

37 '2 , 

1 152 

66*7 

205 

96-1 

4 () 

7-8 

' 100 

37*8 ; 

153 

67*2 

2'JO 

96-7 

47 

«*3 

8’9 

! 101 

3^*3 

154 

67*8 

207 

97*2 

•,48 

102 

3«-9 

155 

68*3 

208 

97*8 

49 

9*4 

103 

39*4 

156 

68*9 

209 

98-3 

50 

lO’O 

104 

40*0 

157 

69-4 

210 

98*9 

51 

10-6 

105 

40*6 

158 

70-0 

211 

99*4 

52 

53 

ii-r 

117 

1 iu6 

4I-I 

1 

L,. - 1 

159 

70*6 

212 

lOO’O 

1 


17 — 2 
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Table II. 

Fahrenheit degrees equivalent to Centigrade. 


Cek. 1 

Fahr. | 

Cels. 

Fahr. j 

Cels j 

Fahr. j 

►40 

1 

- 40*0 1 

+ 7 

+ 44*6 

1' 

+ 54 

+ 129-2 

39 

38-2 

8 

46*4 1 


131-0 


3^*4 

9 

48-2 

56 ! 

132-8 

! 37 

34*6 I 

10 

50-0 

i 

134-6 

1 3^^ 

32*8 i| 

II 

51*8 

58 I 

136-4 

' 35 

31-0 

12 

53*6 

59 i 

138-2 

34 

202 

>3 

55*4 

60 I 

140-0 

' 33 

27*4 

14 

57*2 1 

61 

141 8 

32 

25*6 

»5 

59*0 1 

62 

143*6 

31 

23*8 

16 

bO’8 1 

63 

U5*4 


22*0 

17 

b2’() 1 

64 

147-2 

1 29 

20*2 

18 

64*4 ! 

"'65 

1-19*0 

28 

18-4 

19 

(>(>'2 ij 

60 

150-8 

27 

i i6't) 

20 

68-0 ] 

67 

152-0 

26 

14*8 

21 

69 '8 i 

1 68 

'.54*4 


130 ! 

22 

71-6 

; 69 

150-2 

24 

Il’2 1 

i ^3 1 

73*^ 

1 70 

158-0 

23 

9*4 ' 

1 24 

75*2 

71 

'59*8 

1 22 

7 '6 ■ 

1 25 ' 

77'o 

72 

161 -6 

21 

5*8 ' 

j 26 

78*8 1 

73 

193-4 

20 

Vo ! 

1 27 

80 ■(> 1 

74 

105-2 

19 

2'2 

! 28 

82-4 j 

75 

IO7-O 

18 

! 04 

,1 29 

84-2 1 

76 

168-8 

17 

4 1*4 

! 30 

8(>‘o ; 

77 

170-6 

It) 

3*2 

'I 3* 

87*8 : 

78 

172-4 

15 

5*0 

32 

89*1) 1 

79 

174*2 

14 

b-8 

! 33 

91*4 

80 

176-0 

I 

8*6 

1 34 

93*2 

81 

I77'8 

12 

io'4 

'! 35 

95*0 

82 

179-6 

I 1 

12-2 

1 30 

96 S 

83 

181 ‘4 

i 

140 

!| 37 

98’(» 

i 84 

183*2 

i 9 

1 

.5-8 

1 *7 '6 

, 

■ 39 

1 00 ’4 

102 '2 

85 

86 

185*0 

1 80 -8 

7 

*9'4 

i 40 

114-0 

1 87 

i88-6 

1 

1 21 '2 

1 

105-8 

1 88 

190-4 


1 230 

;■ 42 

107-0 

89 

192-2 

! 4 

24-8 

'! *^3 

109-4 

1 90 

194-0 

1 3 

: 26 '6 

;| 44 

in -2 

1 

195*8 

1 2 

! 28-4 

i 45 

113-0 

' 92 

197-6 

! I 

i 30-2 

■! 46 

114-8 

1 93 

199*4 

1 0 

32 0 

ij 47 

iib-6 

i 94 

201 -2 

i + 1 

33*8 

48 

118-4 

95 

203-0 

2 

3^6 

49 

120-2 

96 

204 8 

1 3 

37*4 

50 

1220 

97 

206-6 

4 

39*2 

51 

123-8 

98 

208-4 

i 5 

41*0 

52 

12^6 

99 

210-2 

; 6 

1 

42-8 

53 

127-4 

100 

212 0 
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Tahle III. 

‘Twaddell and Beaum6 degrees and equivalent 
Specific Gravities. 


'Lwrul- 

dell 


,, , Specific 

lio.'iumc 


I'wad- 

ddl 


Specific 

"ravitv 


0 

0 i 

I *000 

31 

19*3 

1*155 

I 

0*7 

1*005 

32 

19*8 

i*i(>o 

• 1 -4 

•I’O 

1*007 

32*.4 

20*0 

1*162 

2 ! 

1*4 

1*010 

33/ 

20*3 

1*165 

■ 2'S 

2*0 

1*014 

3- 

20*9 

1*170 


2-1 1 

1*015 

34-2 

21 *0 

1*171 

4 

4*4 

3*0 1 

I *020 

1*022 

35 

36 

21*4 

22*0 

1*175 

1*180 


3‘4 1 

1*025 

37 

22*5 

1185 i 

h 

4*0 1 

I *029 

38 

23*0 

iigo 1 

6 

4*1 1 

I *030 

39 

23-^ 

1*195 

•7 

4-7 1 

1-035 

40 

24*0 

I*2CX) 

7*3 

5‘o 1 

i-o37 

41 

24*5 

i-'os j 

8 

5*4 ‘ 

I *040 

42 

25*0 

1*210 1 

9 

6*0 

1*045 

43 • 

25-5 

1*215 

10 

67 

I *050 

44 

26*0 

1 *220 

I0‘2 

TO 

1*052 

45 

26*4 

1*225 

11 

7*4 

1*055 

46 

26*9 

1 *230 

12 

8'o 

1 *oOo 

46*2 

27*0 

1*231 

13 

87 

1*065 

47 

27*4 

1-235 

13‘4 

9'o 

1*067 

48 

27*9 

1*240 

14 

9*4 

1 *070 

1 48*2 

28*0 

1*241 

15 

10*0 

1*075 

i 49 

28*4 

1*245 

16 

10*6 

1 i *oSo 

1 50 

28*8 

! 1 *250 ! 

i6-6 

11*0 , 

1 *083 

50*4 

29*0 

1 1*252 

*7 

11*2 

1*085 

51 

29*3 

1 1*255 

18 

11*9 

rogo 

52 

, 29*7 

1 1*200 

i8'2 

12*0 

I *091 

52*6 

30*0 

1 1*203 

19 

12*4 

1*095 

' 53 

30*2 

1 l*2l>5 

20 

13*0 

1*100 

' 54 

30*6 

; 1*270 

21 

13*6 

1*105 

' 54*8 

31 0 

1*274 

21*6 

14*0 

I *108 

55 

ji'i 

1*275 

22 

14*2 

1 ’IIO 

' 56 

31-5 

1 *280 

23 

14*9 

1*115 


3 2*0 

1*285 

23*2 

15*0 

1 I* 1 16 

* 58 

32*4 

1*290 

24 

15*4 

1 1 *120 

1 59 

32*8 

1*295 j 

25 

i6*o 

I 1*125 

1 59*4 

33*0 

1*297 1 

26 

i6*5 

1 I 130 

i Oo 

33*3 

i*3(X) 

26-8 

17-0 

' 1*134 

1 

33*7 

1 *305 

27 

171 

i*»35 

1 61 *0 

34*0 

I *308 1 

28 

17*7 

1*140 

62 

34*2 

1*310 I 

28 ’4 

180 

1*142 

1 63 

34*6 

1*315 

29 

ns *3 

1*145 

64 

35*0 

1*320 

30 ' 

• iS-8 

1*150 

65 

35*4 

1*325 

>4' 

1 r9*o 

1*152 

1“^ 

35-8 

L 

1*330 


Twad- 

dell 


66-4 

(^1 

68 

69 

70 

7 * 

71*4 

72 

73 

74 

75 
70 
76‘() 

77 

78 

79 
79 ‘4 

80 

81 

82 

83 

84 
84-8 

85 
80 

87 

87*6 

88 
80 
90 

90'6 

9* 

92 

93 
93 '9 

94 

95 

96 
90 ’6 

97 

98 

99 

99-6 

100 

101 


Spc< die 
gravity 


36-0 

36-2 

36 - 6 

37- 0 

37- t 
•37-8 

38- 0 

38- 2 
38 u 
39*0 

39*4 , 

39- 8 
40*0 
40*1 : 
4^-5 
40*8 
41-0 
41 >. 

4 i-() I 

42 'o , 

42*3 
\2'^ 
43 -O 
43-1 I 
43'+ i 

43- 8 

44- 0 
44 ' 1 
4^4 

44’8 
45 ’O 

45* « 

45 - 4 

45’8 

4 ij'o 

40*1 

40-4 

46- 8 
47 

47*i 

47 '4 

47- 8 
48*0 
48*1 

48- 4 


I 

••332 
1-335 
« -340 
1*345 

I -350 

1*337 

I 

1-305 

i'j7o 


Twad- "'Ticcdic 

dell Oeavim. 


102 

103 

104 

105 

lof) 

107 

108 

109 
109 '2 
1 10 


48*7 i- 5 i« 
49 -^J I 1*515 
49*4 1*520 , 

49 * ' 1 *525 

50 ,p 


50*3 
50*0 ■ 
. 5^'^-9 : 
51*0 I 

51*2 


1*535 
1*540 ' 
1*545 
1*510 

'■550 


i ‘375 i' 

... T 

5^-5 : 

1*555 

1*380 1 

112 

51-8 ; 

I *500 

i‘3«83 1 

1 12*6 

fro \ 

1 *503 

1*385!' 

113 

i 

1-505 

1-390 

114 

52*1 i 

1 *570 

1-305 '■ 

115 

52*7 

1*575 

1 -397 i 

1 16 

53 0 , 

1 5S1. 

I *400 !i 

117 

5 v.> ; 

I * 5^5 

1-405 Ij 

118 

53 »> ! 

I *590 

1*410 |! 

119 

53-9 1 

1*595 

1*415 ; 

119-4 

54*0 

1*597 

I *420 ’ 

1 120 

54*1 

I *000 

1 *424 ! 

1 121 

54*4 

1*005 

1*425 

i 122 

54*7 

I dlO 

1*430 

123 

55-0 , 

1*615 

1 -435 

124 

55*2 

I *620 

1 -438 

125 

55-5 

I •(>25 

1-440 

I2O 

55-8 

I *030 

1*415 

127 

50*0 

. 1-635 

1*450 

128 

56*3 

[*04n 

1*453 

129 

56*6 

! 1*045 

1*455 

130 

56*9 

1*050 

1*400 

130*4 

57-0 

1 *652 

I *465 

131 

57*1 

: 1 *055 

1*468 

132 

57*4 

; 1*600 

1*470 

133 

57*7 

1*065 

1*475 

134 

57-9 

1 i*()70 

1 *480 

i 134*2 

58*0 

i ,1*071 

I *483 

! 135 

58*2 

; 1*075 

1 *485 

136 

58*4 

i*0So 

1*490 

1 137 

58*7 


1 *495 

138 

58*9 

I I *690 

1*498 

1 138*2 

59*0 

' I 091 

1 *500 

139 

59*2 

1 1*695 

1*505 

; 140 

59*5 

' I -700 



26^ Table IY. 

Specific GravitieB of Aqueous Solutions of Glycerin 


Glycerol 

Lknz 

GeRLAC'H 




pci cent. 

SiHiu grav. at 12 -14 C. 

spec, grav at 15 C. 

Spec grav. at 20® C 


Water at i2"C. = i 

Water at 1 5“ C. - 1 

Water at 20'' f - i 

lOO 

I *2691 

1 -2653 

1*2620 

99 

I ‘2664 

1*2028 

1-2594 

98 

1*2637 

!*20o2 

I *2568 

97 

1*2610 , 

1-2577 

1*2542. 

06 

1*2584 

1-2552 

I *2510 

95 

1-2557 

1*2520 

1*2490 

94 

1-2531 

I *2501 

1*2464 

93 

1 *2504 

, 1 -2476 

1*2438 

92 

1 -2478 

1*2451 

1 1*2412 

• 9 t 

1*2451 

1 -2425 

\ ' 1-2380 

90 

1*2425 . 

I* 24 (X) 

I* 23(10 

S9 

1 -2398 

1-^373 

1 - 233 ? 

88 

1*2372 

1-2346 

1 *2300 

87 

1-2345 

1 - 2 JI 9 

T *2279 

86 

1*2318 

1 *2292 

1*2252 

85 

1 *2292 

I *2265 

1*2225 


1*2205 

1-2238 

1*2198 


1-2238 

1*2211 

1*2171 

•82 

1*2212 

1*2184 

1-2144 

Si 

1*2185 

1*2157 

1*2117 

80 

1*2159 

1*2130 

I *2090 

79 

1*2122 

1*2102 

1 *20(13 

7 S 

1*2106 

1*2071 

» r *2030 

77 

1*2079 

1 204(1 

i *21^09 

76 

1*2042 

I*20lS 

1 *1982 

75 

1*2016 

1*1' 190 

1-1955 

74 

1*1999 

1 *1902 

1*1928 

73 

I-I973 

1 - 195 ^ 

1*1901 

72 

1-1945 

I * 1 906 

1 *1874 

71 

1*1918 

1*1878 

1-1847 

70 

1*1889 

1-1850 

1 • 1 820 

09 

1*1858 

— 

— 

68 

1 1820 


— 

67 

1-1795 

— - 

— 

60 

I 1704 


— 

<'5 

11733 

11711 

I *1085 

64 

1*1702 

- 

— 

63 

1*1071 


— 

62 

1*1640 


- 

01 

l*i6io 

— 


61 ) 

11582 

1*1570 

1*1550 

59 

1-1556 

— 

— 

58 

11530 

— 

— 

57 

'•1505 

— 

— 

s(> 

1*1480 

— 

— 

55 

1-1455 

1*1430 

1-1415 

54 

1*1430 

— 


53 

1*1405 

— 

— 

52 

1 11375 

— 

' 

— 

5 » 

1*1348 



50 

I I 520 

1*1290 

1 * 1 280 

45 

1-1183 

1-1155 

1-1145 

40 

1 ■ 1045 

1*1020 

I *1010 

35 

I cxycjy 

I 0885 

1 -0875 

3 ^> 

1*0771 

1*0750 

1 *0740 

25 

1-0035 

1*0()20 

roOio 

20 

I *0498 

1*0490 

I -0480 

15 

1*0374 



10 

1-0245 

1*0245 

1-0235 

5 

1*0123 

— 

— 

0 

1*0000 

I ’ 00 <X) 

I *0000 


. ' 
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Table V. 

Iodine Values of Unsaturated Fatty Acids 
of their drlycerides. 





Iodine Valur 


Fatty Acid 


Formula 



of Fatty 



ill 




Acids 

Monoglyceride 

Diglyceride j 

TiRlic 


CrJIaO, 

254*00 

'45>)X 

198*43 j 

1 lyp(){f.\!ic 





1 

Physctokic 



100*00 

77*44 

90*07 , 

Lycopodic 
Oleic > 

Elctulic 






Isooleic 






Rapio 

Pctroselinic 



90*07 

71*35 

81-93 

Cheiratitliic 
Liver- lecithin 






Oleic iieitl ^ 

f 





1 Dofclic 1 

IJecoleic J 

i Erucic 1 

[ 

1 

1 

i 

85*81 

68*65 

78*39 

1 

' Brassidic ^ 



75*5 

61*65 

69*40 ' 

' Tsoei iicic j 

1 




' Elteom.irgaiic 

1 




164*03 

1 Tanolic 


c,8H,,o, 

181*42 

143*50 

r.iniic J 

Litudciiic I 

Isolinolcnic j 

i 

1 

274*10 

216-47 i 

249*02 

Isiinic 


C,,H,oO., 

461*82 

345*57 

409*67 

riieiapic (?) 




302 38 

350-34 

('lupaiu)dt)nic 


OihlL.fjOo 

308*11 

290*30 

334*2 » 

Ricinoleic ' 

Ricinelaidic J 

[••• 

^-18^ 1^4 ^>3 

85*23 

68*28 

77*91 


and 


rnglyccndc 

'225*44 

^S -25 


S6‘2C' 


S 2’29 

72-43 

i 7 .VSf^ 

262*15 

436*67 

36 q ‘)0 

35 i'y ‘5 

81*76 



2uqr 

I 


Table VI. 

Saponification Values of Pure Triglycerides. 


I'riglycendc of Acid 

Fnnn’.ila 

Molecular 

Weight 

Saponification 

Vahu' 

Acidic ‘ 

CalLiO.QILO), 

A 

772*0 

Butyric 


302* 

557-3 

Valeric . .... 

f'lH.tO . CJIsO),, 

344 

489*2 

Caprciic^ . . . 

C,H,,{ 0 .(V 1 „ 0)3 

3«4 

439-1 

Capiylic . 

cyi,(0.c,H,,0), 

470 

35 ^'^ 

Capiic^ .t 

QJI,( 0 .c,„h,„o), 

552 

303-7 

1 Lnuric 

Q, 11,(0. e, ,11., 0), 


263*8 

j Myiista- 

raii,(<).r„n.,o),, 

722 

233-1 

j I’aliuilic . . . 

^ ^ 16 ^ 

8!j6 

20S *8 

1 Datinic . 


84S 

198*4 

Steal ic 


Suo 

189*1 

Oleic ... ... 

(:,II,|0.C,all„,0). 

8S4 

190*4 

Linolic .. . 

c,iJi.,(0.(:„n,5i0L 

S7S 

.9.7 

Linolcnic .. 

^ ,1^ fg ^ 1-1^^ jii^) t 

872 

» 93'0 ; 

Clupanodoiuc .. 


1 866 

*94-3 1 

Riciridlcic 

o,fr,(o.(:,ji,,(X), 

932 

i8o’6 1 

Arachiflic 

cyi„(o.(vi,,o), 

974 

172*8 

Belicnic . . 

CJl 5 ( 0 .(\,,H 4 P). 

1058 

*59-1 

Eiucic 


1 1052 

ibo’o 1 

LigiiDcciic 

' C,H„(().(VL,o), 

1142 

• 47’4 1 

Ceiotic 

C 3 iio(o.(Vi,,()); 

1226 

*.57-3 

Montanic 


1310 

' 2 S -5 

Mclissic . 

; <VJr,{o.r,oii 5 ,,o).. 

1394 

120*7 ' 

' 1 

Hydroxy'jlcanc... 

' (Vig( 0 .(VH, 50 J, 

038 

*79-4 

Dihydroxystcaric 

1 ^ ull.'i (0 • ^ ^3! : 

986 

170*7 

Triliydroxystcaric.. . 


J 034 

162*8 

Salivic 


1082 

155-0 

* Linusic 


1178 

142*4 




Table VII. 

Viscosities of Glycerine Solutions. 

(^Arckhutt and Deeky.) 


S]j Gr. VisccsUy j 

Log- of i 

t 

Diffei- 1 

Sp. pr. 

1 

Viscosity 

Log. of 

Differ- ! 

-'o 1 (tj) 

Viscosity j 

dices j 

i 

1 

at — C. 

20 

(v) 

Viicosily 1 

euccs 1 

1 

1*000 '01028 

12-01183 

1 

- 1 

1-047 

•01285 

2*26078 1 

■;46 

I'OOl 'OlO^O 

2*01703 

520 

1-048 

•01846 

2*26625 j 

347 1 

1 -002 ' -01053 

2-02223 

520 

i-04<j 

•01870 

2-27173 ' 

548 

JCX)^ -01065 

2-02744 

521 

1-050 

•01893 1 

2*27722 

549 1 

i;^-Q04 ; -01078 

2-03265 

521 

1-051 

•01917 

2*28272 1 

550 1 

i-(X)5 ! '01091 

2 O57S6 

521 

1-052 

•01942 ' 

2-28823«> 

55* ; 

i'Oo6 ; ‘01104 

2-04307 

521 

* 'O53 

•01967 i 

2-29375 

552 ! 

1*007 ! -01118 

2-04829 

522 

*•054 

•01992 ! 

2*29928 

553 : 

rooS -01131 

2-05351 

522 

*•^55 

•02018 I 

2-3048^ 

^ 554 

i-(.09 ; -01145 

^■05^^73 1 

522 

1-056 

•02044 1 

2-31037 1 

555 

I'oiu -01159 

2 -(56395 1 

522 

*•057 

•02070 1 

2*3*593 

S 55.> 1 

1 OH i -01173 

2'(.)09i8 

523 

I -058 

-02097 1 

2-32150 

557 

1012 ; -01187 

2,-07441 

523 

*•059 

•02124 ! 

2- 527(^8 

55« , 

1015 , -01201 

2-07964 

523 

; 1 -060 

•02151 ' 

2-33267 

559 1 

1 0I4 1 -01216 

■2-08488 

524 

1 I -061 

•02179 

2-33827 

560 

1-01 ; -01 231 

2-09012 

524 

1 -062 

022O7 

2*343^^9 

562 

roHi oi2|6 

2-09536 

524 

1 1-063 

02236 

2*34953 

Sf>4 

roi; 01261 

2-100('l 

525 

' 1 -064 

•02266 

2*35519 

566 ' 

i-oiS •oi27() 

2*1.1586 

525 

■ ro6. 

•02296 

2-36(.)S7 

508 1 

roiM U1292 

2-11112 

526 

1-066 

•02326 

2-36657 

570 i 

1 -020 -01 507 

2*11638 

526 

i-o(,7 

•02357 

2*37229 

572 1 

r()2i -01323 

2*12165 

527 

I -008 

•02388 

2-37803 

574 1 

1-022 -01339 

, 2'* 12692 

1 527 

' 1-069 

•02420 j 

2-3‘'^379 

576 1 

1-023 -oi'sst) 

' 2-13220 

■ 528 

i 1-070 I 

*02452 1 

2-38957 1 

57« 

1 024 '01 372 


52S 

1*071 

•02485 , 

2-39537 

580 

1-025 'oi38<) 

; 2-14277 

529 

: 1*072 

•02519 

2-40119 

582 

1020 'O1400 

1 2-14S06 

529 

1 *’07^^ 

•02553 

1 2-40703 

5«4 

1-027 'OH24 

-i 1 5 5 

530 

*-074 

•02588 

, 2-41289 

586 

1-02S 1 01441 

2-138u() 

! 53^^ 

1 *'075 

•02623 

2-41877 

1 

1 029 i -01459 

1 2-16397 

: 53* 

1 *-076 

•02659 

2-42467 

590 

1-030 ' '01477 

1 2- 16928 

53* 

1 *-077 

*02695 

1 2-43059 

592 ! 

1-031 -01495 

1 2*17460 

532 

1 1-078 

•02732 

2-43653 

594 

1-032 -01513 

1 2*17992 

532 

1 *-079 

•02770 

2-44249 

590 

1-033 '01532 

i 2*18525 

533 

i 1-080 

•02809 

j 2-44847 

59S 

i-‘i34 '^’55* 

t 2-19058 

533 

, 1-081 

1 -02848 

; 2*45447 

1 600 

1-035 '01570 

'2*19592 

534 

1-082 

' -02887 

1 2*40049 

' 602 

1*059 '01590 

2-20127 

535 

1 I *083 

•02928 

2*46653 

604 ; 

1*037 -01O09 

2*20663 

536 

; 1*084 

•02969 

2*47259 

606 , 

1-038 -01629 

2*21200 

537 

1; 1-085 

•0301 1 

2*47867 

608 

i*n5() -01650 

2*2173S 

53S 

1 I -086 

’O3053 

2*48478 

61 I 

1-040 01670 

2*22277 

539 

1 1 '087 

’ *03097 

2-49092 

614 

1041 01691 

2-22817 

540 ■ 

1 i'o8S 

•03141 

2-49709 

617 

1-042 -01712 

2-2335^' 

54* 

I -089 

•03186 

2-50329 

620 1 

H043 -01734 

2-23900 

542 

1 1 090 

•03232 

2-50952 

623 1 

- i-q.}4 -01 756 

2*24443 

543 

! 1-091 

■03279 

■2-5*57!5 

626 i 

/- . 1 

I 045 -01778 

2-24987 

544 

; * ’O92 

•03327 

2-52207 

629 

1-046 -01800 

2-25532 

545 

' *-093 

•03376 

i 2*52839 

632 1 



Viscosities of Glycerine Solutions (continued). 


26^ 


S»p Or. 
at „C. 


1 094 

I '005 

I *006 
1-097 

T-099 

rioo 

i-ioi 

1-102 

1-103 

1-104 

1105 

rio6 

1-107 

i-ioS 

1-109 

i-iio 

riii 

rii2 

1-113 

1*114 

rns 

I-IIO 

1-117 

1118 

11 19 


Viscosity 
at 20” C. 
(ij) 


-03426 

•03476 

•03528 

*03581 

*03635 

•03689 

*03745 

•03S02 

•03860 

*•03920 

■03980 

;04042 

•04103 

•04169 

*04235 

•04302 
*0437 1 
•04441 

•045*3 

•04586 

•o4()62 

•04738 

•04817 

•04898 

•04980 

•05065 


I • 1 20 

•05152 ! 

1121 j 

•05240 i 

ri22 

•05331 i 

1-123 

•05425 . 

1-124 1 

•05520 1 

1125 'j 

■05019 1 

I 126 ' 

•05719 

1*127 

•05823 

1 • 1 28 

•05929 

1*129 j 

*o(K)38 

1*130 

*06150 

1*131 j 

•06265 

1*132 

*06384 

»'»33 1 

■06506 

1*134 

•06631 

1*135 ' 

•06760 

1-136 1 

•06892 

1*137 

•07029 

1-138 i 

•07169 

1*139 

•07314 

1-140 

•07463 

1*141 

•07617 

1*142 

•07775 

1*143 

•07939 

1*144 

*08107 


Log. of 
Viscosity 


2*53474 

2*54112 

2*54753 

2*55397 

2*56044 

2*56694 

2*57347 

2*58003 

2*58662 

2*59324 

2*59989 

2*60657 

2-61329 

2*62005 

2*62685 

2*63369 

2-64057 

2*64749 

2*65445 

2*66146 
2*66852 
2*67503 1 
2-68279 
2-69000 ! 

i’69726 I 

2*70457 

2*71193 
2*7*935 
2*7268 X 
2*73437 
2*74197 
2*74963 
2*75735 
2-70513 
2*77298 
2*78090 
2*78889 
2-79695 
2*80508 
2-81328 
2*82156 
2*82992 
2-83836 
2-84688 
2*85548 
2*86416 
‘2*87292 
2-88177 
2*89071 

2*89974 

2*90886 


Differ- ' 

Sj). Or, 

Viscosity 

M 20“ C. 

( ri ) 

1 

Log. of 

Diffei- 

enccs ! 

at — 5 L. 

20 

Viscosity 

ences 

t i 

635 i 

1*145 

•08281 

2-91807 

921 

638 

1*146 

•08460 

2*92737 

930 

641 

1*147 

•08645 

2*93676 

939 

644 « 

1-148 

•08836 

2*94625 

949 

647 

1*149 

•09033 1 

2*95584 

959 

650 

1*150 

*09237 

2*<;(6553 

909 

*653 

1*151 

*09448 

2*97532 

979 

656 

1152 

•09665 

2*98521 

989 

659 

I-I53 

•09890 

2*99520 

99«j 

662 

I ‘154 

•1012 

1-00529 

1009 

665 

■ 155 

•1036 

1*01548 

1019 

668 1 

1*156 

•1061 

1-02578 

1030 

672 1 

1157 

•IOS7 

1-03619 

1041 

676 1 

1-158 

*1114 

1-04671 

1052 

680 1 

1-159 

•II4I 

1*05734 

io()3 

68 V 

I -160 

•1170 

i-o68oS 

1074 

688 

1-161 

•1199* 

1*07893 

1085 

692 1 

1*162 

•1230 

1-08989 

I09() 

696 i 

1-163 

•1262 

T -10096 

1 107 

701 , 

1*164 

•1295 

1-11215 

1 1 19 

706 

1165 

1329 

1-12346 

1131 

711 

rj66 

•1364 

1-13489 

1143 

716 

1-167 

•1401 

1-14044 

' i‘55 

721 

ri68 

*1439 

1-15811 

1167 

726 

1-169 

*1479 

i*i()990 

"79 

73* 

1-170 

■ 1520 

T-i8lSi 

1191 

736 

1*171 

*1563 

1*19384 

1203 

742 

1172 

•1607 

I -20600 

1216 

748 

1*173 

•1653 

1-21829 

1229 

754 

1-174 

■1701 

1-23071 

1242 

760 

1*175 

•1751 

1-24326 

1255 

766 

1-176 

•1803 

I 25594 

1268 

772 

1*177 

•1857 

1-26875 

1281 

778 

1-178 

*1913 

1-28169 

1294 

785 

1179 

*1971 

1-29476 

1307 

792 

iiSo 

•2032 

1*30796 

1320 

799 

l-lSl 

• 209(1 

1*32130 

1334 

806 

1182 

•2162 

1*33478 

1348 

813 

1*183 

•2231 

1*34840 

1302 

820 

1-184 

•2302 

1-36216 

1376 

828 

1185 

■2377 

1*37606 

1390 

836 

i-i86 

*2455 

1-39010 

i\04 

844 

1-187 

*2537 

1-40428 

1418 

852 

ri 8 S 

•2622 

7-41860 

1432 

860 

t 1*189 

•2711 

1*43307 

' 1447 

868 

1-190 

•2803 

1-44769 

1 1462 

876 

1191 

•2900 

1-46246 

1 H 77 

885 

1-192 

•3002 

1-47738 

1 149 » 

894 

I 193 

•3108 

1*49245 

15^7 

903 

1-194 

•3219 

1*50767 

152-2 

912 

1*195 

•3335 

1*52304 

1537 



Viscosities of Glycerine Solutions {continued). 


Sp Or. 

Viscobiiy 

1 

Log. of 1 

1 

Differ- 1 

Sp. Gr. j 

Viscosity 

I .OR. of 1 

Dilfri i 

at 

at 20“ C. 
(Tj) 

Viscosity 

ences j 

1 

at C. j 

(’7) ! 

Viscosity 1 

diets j 

1 

1-196 

*345^^ 

> '53856 

>552 

1-230 

1 

1-511 , 

*17910 

1 

2297 1 

I-I97 

•35«3 

>*55424 

1568 

1-231 

1-594 i 

-2024S 

2332 1 

, 1*198 

•3716 

1-57008 

>584 4. 

1-232 

1-683 1 

•220I() 

2308 

I -199 

•3856 f 

T- 58608 

1600 

1*2 U 

1*779 : 

-25021 

2405 

1*200 

-4002 

T-60224 

1616 

1-2U 

1-882 ' 

-27464 

2443 ‘‘ 

r-2oi 

■4>55 

1-61857 

*633 

••235 

1*993 ' 

*29946 

2482 

1-202 

•43i^> 

1-63507 

1650 

1-236 

2112 ! 

•32468 

2522 

% 1*203 

■4485 

1-65174 

1667 

1*237 

2*2.|0 ' 

*35031 

2503 

1*204 

*4662 

1-66858 

1684 

1-238 

2*379 ' 

*376.f5 

3005 

1-205 

“4848 

1-68550 

1701 

>*239 

2*528 ; 

•402S4 

21)48 

i-2o6 

'5<^44 

T -70277 

1718 

1-240 

2-690 

•42976 

2092 

1 -207 

’5^.So 

1*72013 

1736 

1-241 

2-865 , 

*45if> >' 

2735 1 

I*20S 

-5466 

1-73767 

1754 

1-242 

3*05.4 

■48:}. 88 

2777 1 

1 -204) 

•5<>94 

^*75539 

1772 1 

l*24> 

3*259 1 

•51300* 

38 1 s 1 

1 1-210 

‘.S933 

>*7733» 

1 79 1 

1-2H 

3-481 1 

*54164 

2858 1 

1-211 

1 -6186 1 

|»ti*79i4o 

1810 

1 >*245 

3*721 , 

*5/061 

2897 1 

1 1*212 

1 *645- 

1 1-80969 

1829 Ij 1*246 

3*981 ' 

•59990 

2955 1 

1 •’213 

t -6733 

' 1-82818 

1849 |j 1*247 

4*263 , 

•62909 

2973 

r2i4 

1 -7029 

1 I -821687 

1869 1 1*248 

i 4*569 

•65979 

3010 ; 

1-215 

1 7341 

I 1-86577 

1890 

1-249 

; 4*9'^i i 

•69025 

.504'' ; 

i-2i6 

' *7672 

1-88488 

1911 

, 1-250 

! 5-261 1 

■721 07 

3082 1 

i 1*217 

' -8021 

1-90421 

>933 

j > -^51 

1 5*^'55 1 

•75224 

3117 1 

1 I-2IS 

-8390 

T -92376 

>955 

1 >'^52 

6-078 1 

*78375 

3i5^ ; 

1-219 

•S781 

•■'94354 

1978 

i 1-253 

6*540 1 

•8 1500 

3185 1 

1-220 

-9195 

1-96^56 

2CX)2 

1 1-254 

7*043 1 

•84778 

3218 1 

1-221 

' *963:, 

r-9<S383 

2027 

1 1*255 

7*591 i 

•88029 

3251 ! 

1 -222 

1 -uio 

•oo43() 

2053 

1-256 

8-187 1 

•91313 

; 32S4 ! 

I '223 

I -oOo 

*025 1 6 

2080 

J'257 

8*837 j 

•94630 

; 33«7 


1112 

’04624 

i 2108 

1-258 

9*546 

97980 

33.50 

: >*225 

I * 1 68 

06761 

2137 

1*259 

10-32 

1-01363 

3383 

1 1-220 

I -228 

-08928 

2167 

I - 260 

11 lb 

1-04779 

3410 

1 1-227 

1-292 

- 1 1 1 26 

2198 

l-JOl 

12-06 

1 -08228 

3440 

I-22S 

1 - 360 

' >33.56 

2230 

1-262 

13*10 

1-11710 

S4S2 

i •'229 

! >*433 

-15619 

22t>3 
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Table VIII. 

1918 

International Atomic Weights. 



Symbol 

Aiomic 

' • 

Symbol 

• i 

Atomic 
weight -.1. 

Aluminium 

A1 

27'I 

.Molybdenum 

Mo 

0*0 ) 

Antimori} .4 . 

Sb 

120*2 

Neodymium 

Nd 

>44*3 

Argon 

A 

.^9*88 

Neon 

Ne 

20*2 I 

Ai'cnic . . ... 

As 

74*96 

Nickel 

Ni 

58*68 j 

Banum,. 

Ba 

i37',^7 ' 

Niton (ladmm emanation) 

Nt 

222*4 

Bismuth 

Bi 

208*0 

Nitiogen 

N 

14*01 ' 

Boion M 

B 

1 1*0 I 

Osmium . *. 

Os 

190*9 

lliomuu- 

Br 

79*91 

O.Kygcn . . 

0 

t6’oo j 

('aclmium 

Cd 

117*40 ' 

I’alladium 

1\1 

106 7 

C.e.sium 

Cs 

l.^7*«l i 

Pho'jphorus 

P 

3 1 '04 , 

('alcium 

Ca 

40*07 ! 

rialinum 

Pt 

i96’« i 

('arbon 

C 

I7*00n 

Pola>sium . . 

K 

39' ^0 ; 

Coi'ium 

Cc 

14025 1 

Piaseodvmuim 

Pr 

140*9 

Chlorine .. ... . 

Cl 

35*46 1 Radium 

Ra 

226*0 ' 

Chromium 

Cr 

5 ro 

Rhodium .. 

Rh 

102*9 



5<S-97 

03*5 

Rubi<hum . . 

Rb 

^?‘45 

('oluml)iuin . . 

Cb 

Ruthenium 

Ru 

101*7 

Copper 

Cu 

635 7 

Samaiium . .. 

Sa 

150*4 

Dysprosium . .. 

Dy 

162*5 

Scanduim . . 

Sc 

44-' 

Erbium 

1 Er 

167*7 

Selenium 

Se 

79*2 

Europium 

Eu 

152*0 

Silicon ... 

Si 

Ag 

28*3 . 

Fluorine 

K 

19*0 

Silver 

107*88 

(^idolinium . 

Gd 

'57'3 

Sodium .. 

Na 

23*00 ' 

Gallmm 

Ga 

699 ; 

Stronliuin 

Sr 

87*63 

G'erniani'im 

i Ge 

7*'5 1 

Sulpluu 

S 

32-06 1 

Ghuinum . 

i 01 

9*1 

Tantalum 

i Ta 

>«'-5 1 

GoUl 

i All 

197*2 1 

'relhirium 

1 

127*5 1 

Helium . 

He 

4*00 

Terbium 

Tb 

ij/2 ; 

Hulimum... 

I Ho 

*63-5 

rooS 

Thallium 

T1 

204*0 1 

llMliogcm 

H 

'I’hormm 

1 Th 

: 232*4 

Indium 

; In 

114*8 

1 rhulium 

Tm* 

i68*5 

fodini 

I 


! Tin 

Sn ' 

i i8'7 

Indium 

Ir 

>93’' 

' Titanium 

Ti 

48* f 

ii<m . . . 

’ Fe 


j Tungsten 

Uranium 

W 

184*0 

Kr>ptou^ 

I Kr 

82*92 

U 

738*7 

Lanthamim 

Lead . . 

Lithium 

! La 
! IM) 


V 

! 5''o 
i >^0'2 

'loyio 

694 


Xe 

Li 

j Ytterbium (Neoytlerbium) 

VI. 


Lutecium 

lai 

i >75’o 

1 Yllriuni . .... 

! vt 

88*7 

Magnesium 

Mg 

i 74*32 ’ 

Zinc 

1 Zn 

1 65*37 
j .<)o*^ 

Manganese 

j Mn 

; 64*93 ! 

j Zirconium 

1 

1 

Mercuiy 

; Hg 

; 200*6 1 

1 

1 
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Abbe' Refractometer 72 
>l»bcl test for flash point 76 
Abietic acid 255, 256 
Absolute viscosity 73. 7f 
Accuniulatons, hydraulic 213, 
Plate XXV 
Acetic acifl 37, 75 
Acetin 13 * 

Acetone peroxide 222 
Acetyl value S7, •(SS 
Acid, acetic 37 
arachidic 3<) 
azelaic 41 
bchenic 
behcnolic 56 
brassidic 47 
butyric 37 
capric 38 
caproic ^7 
capryhc 
carnaubic 183 
cerotic 30 
ehaulmoogric 49 
cheiranthic 4 7 
clupanodonic 50 
cocceric 57 
da tunc 39 
dihydroxybehenic 55 
diliydroxyi^adoleic 35 
dihydroxvpalrnitic 34 
dihydroxystearic 3 p 55 
dihydroxystearidir 35 
dihyd roxystearosiilphuric 53 
dihydroxytiglic 54 
diricinoleic 53 
doeglic 47 
elaconiargaric 48 
elaeostearic 48 
elaidic 44 
crucic 47 
gadoleic 47 
hcxahydroxystearic 55 
hyndocarpic 49 
hydroxystearic 33 
hypogaeic 42, 139 


Acid, isanic 49 
iso-oleic 44 
ismcinolcic 54 • 

isotnhycVoxystearic 53 
lap.inic 3,1 
|cc*/lcic 47 
jiini])cric 31 
l.inorenc 34 
lamip.dnviC 31 
laiiric 38 
lignoceric ^9 
linolenic |9 
li 'olic )8 
Imusic 3() 

lb er-U'< ithin oleic 47 
lycopodic 1 2 
niclissic 40 
niontanic 40 
myristic ^8 
nonylic 41 

octohydrox^’stearic 55, 56 

oleic 42 

palmitic 38 

palmitoleic 42 

palmitoiic 3O 

pi troselinic 47 

pctroselenolic 56 

phv'^etoleic 42 

rapic 47 

ncinolaidu; 53 

ricinoloic 31 

ncinoleosulphiiric 54 

rcinostearolic 36 

S ibinic 31 

sativic 36 

scbacic 37 

stv^aric 40 

stearolic 3b 

suberic 37 

tanric jS 

tetrahydroxystearic 35 
ther ipic 103 
tiglic 42 

tri hydroxystearic 55 
valeric 37 
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) 

Acid saponification 30 
Acid treatment 

of naphthas 246 
of illuminating oils 246 
of lubricating oils 247 
of animal oils 219 
of vegetable oils 219 
Acidity 16, 88, 89 
Acid value 88 

technical aspects of 88, 89 
Acids 

chaulmoogric series 49 
clupanodonic scries 49 
c yclic series 49 
dibasic series 57 ' 

dihydroxylated senes 54 
hydroxy fated senes 50 
linolemc series 49 
linolic scries 47 
octohydroxylated senes 56 
oleic sv'ries 40 
stearic ‘ cries 35 
stearollc senes 56 
tctrahydroxylaled series 56 
tnhydroxylated series 55 
Aiudine 203 
Acrolein 15 
Adipocore 195 
Adulteration 64 
Air 

action on oils 16 
agitation by 219, 221. 222, 246 
bleaching by 155, 220 
Albuminous impurities 217 
Alcohol 

aracliyl 57 
I er> 1 58 
cetyl 58 

< occcryl 57 
nichssyl 58 
fictodecyl 58 
Alcohols 

monohydric 57. 58 
dihydru 58, 59 
tnlivdric 59 '^Ji- 
sterols bi-63 

Alcohol, solubility of oils in 15, 75 
Alkali refinement 219, 220 
of cottonseed oil i 
of other oils 117, 1 
Alkalies, action of on fats 17 
Alkyl group 8 
Allylene 23 
Mmond oil 137 
Aluminium, use of O9 
Aniagat and Je.m 73 
Ammonia .29 
Amyl alcohol 233 
Amylenes 22 
Analysis, objects of 64 
Analytical methods 65 


Anglo-American mill 21 1, Plates 
IV, V, VI 

press 213, Plates XIX, XX' 
Anhydrides of fatty acids 54 
Aniline 203 
Animal charcoal 250 
Animal fats 163 
Animal oils 146 

distinction between and vege- 
table oils 62, 65, 92, 164, 233 
waxes 184 

Animal origin of petroleum 19 1 
Anthracene 204 
Apricot kernel 01] 137 

Ar.ichidic acid ^9, 139 
Arachidonic acid 30 
Arachis oil 138 
Arachyl alcohol 37 
Arctic sperm oil iSf> 

Arsenic as catalyst poison 228 
Artists' oil 120, 123 
Asbestos 231 
Asphalt 230 

Aslatki (Ostatki) I99, 200, 242 
Asymmetric cm oon atom 31, 32 
Atmosphere, effect of on oils 16 
Atomic weights, 'l\il)le \ 111 
Atomisation, 22, ^ 

Aloiniv*! 242 
Atoms ii 
A\e-l/iliement 17} 

A?:elaic acid ji. 57 

H.ieyer’s strain thcoiT 33 

ilaku, petroleum from, 197 . ^09 

J3audoum test 78, 131, 2^3 

Bean oil 121 

Bear (ice) fat 164 

Beaunif* hydrometer 68 'lable III 

Bccchi test 78. 129 

Beel tallow 1O9 

r)eef bteanne 111 lard 166 

Beeswax 183 

Behenic ai id ^9 

Behenohe acid 36 

Bcilby, Young and 241 

Bellicr test 78, 138 2^3 

Benzene 25 

as solvent T5 
Benzine, petroleum 198 

for fat extraction 21 ^-216 
Benzoleno, I'ctroleum ether 
Benzols 204 
Benzoyl peroxide 222 
Bichromate. Dichromate 
Bieber’s te.'-t 137 ) 

Bisuliihide of carbon 13, 73, -ib 
Bitter almond oil 138 
Bitumen 190 
Bitumen waxes 190 
Bituminous shale 244 
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Blasting gelatine Oi 
Bleaching of fats and waxes 218- 
« 224 

by absorptive powders 21S 
tleliydraling agents 210 
by formation of soaps 219 
light 224 
oxidation 220-22^ 
rediution 223 
Bleaching powder 223 
Bleaching of oKokerit 249, 250 

.paraffin wax 248 ^ 

Bloom, s(C Muote.ceiice 
Blown oils Si, 109, 13 1 
Blubber oils 105 
Blue rosm oil 257 
B-iV^head mineral 244 
Boiled oil 117, Plate I 
Bolling points of mincnl oils 198- 
204 

Bombicesterol, 58, G3 
Bone fat i()j 
Bone oil iGo * 

Jione tar loi> 

B(.iiieo petroleum rzou 
Borneo tallow 152 
Boryslaw 208 
Botllenose whale oil t.so 
"B oxing ' ol<‘o-i«-sms 231 
Jfr.issicriNterol 38. 04 
Brassulie acid 47 
Ihomide value, insoluble 85 
technical aspects of 80 
lb online. .•( lion on fats 16 
Bromine ilieiinal test 82 
Ibomo-dirivatKes o» fatty acid 

.so 

Blown coal 190, 201 
Burning oiB 246 
Butter fat 172 
Bntler 

cacao T51 
ilhpe i=>i 
inov. r.ili 150 
nutmeg 132 
^hea 130 

vegetable lui 
Butylene 22 
Butviin 13 

Butvroref'a( tometer 72 
tables 72 

Cacao biittei 131 vvi 

Cakes press 212-214. Plate XX4 
Californian oils i<)G 
Ciinadian oils 197 
• Ca»delilla wax 184 
Candle industry 71, St, 89, 90 
*C'andlenut oil 120 
C apillary tube luelting-point me- 
thod 70 


Capnc acid 38 
Caprin 13 
('aproic acid 37 
Caprom 1 3 
Caprylic acid 37 
Caprylin 1 3 
Carbon i, 2 

Carbon disulphide 15, 75, 216 
\etrachloride 13, 75, 21G 
Caibonifcrous limestone 194 
Carboxyl group 2, 30 
Carnaulxi wax 1S2 
' Carnaiibic acid 1S3 
Castor oil 113 
C.it-Ovsis 223 

C.atalyst, preparation ol 230 
recovery of 231 

Calaly-sts, suitable for hydrogena- 
tion 231 

Catalytic action 223 
Caucasian petroUnim A>7i 
Ceresinc 208, 249 
Cerotene 22 
Cerotie acid 39 
Orotin 13 
C'cryl alcohol 38 
cerotdte 39, ts 8 
pdlirii.Ue 58 
C(‘iin its 
Cetyl alcohol 37 
p.dimtatc iSS 
Charcoal, animal iGo. 250 
Chaulnioogra oil 49 
Chaiilmoogric .acid pi 
Cheese-box still 210 
Clieiianthu acid 47 
Chenm al constitution of t.it^ 3, 6, 

Chemical methods of {*\.niiin.ilion 
77 9 <’ 

China Ciay 2T.S 
Clnnese bean (m 1 T21 

Chinccse vegetable tallow 133 
Chinese wax 38 
Chinese wood oil 118 
Clilorido of sul]ihur 82 
Cldoiim. action ot on fats 10 
as catalyst poison 228 
Chlnroform as .solvent 13, 73, -iio 
('hocolate fats 152, 159 
Cholesterol 13, ()2 
C holestc 1 yl aer ta t e 1 4 1 
Chryse’ne 203 
Clocks, oil lor 109 
('lose test yb 
Clnp<inodonic and 30 
Clupanodonin 1 ^ 

Coagulation oi albuminbus mailers 

.. 

Coal tar oils 202 
Coast cod oil 104 
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Cocceric acid 57 
Cocceryl alcohol 57 
coccerate 57 
Cochin oil 161 
Co6onut oil 159 
Rroup 157 
Cod liver oil 103 
Cold drawn oils 212 
expression 212 
Cold, action of on oils 15 
Cold process soaps 162 
Colophony 255 
Colour tests 78 
1 Colouring matters in oils 5 
Colza oil 135 
Consistence of fats 70 
Constitution of fats 3, 5-8 
Continuoiu distillation 241 
extraction 216 
Copper as catalyst 231 
Copra i5i' 

Copra oil 161 
Coprosterol 58, 63 
Coral reefs and petroleum 195 
Corindine 203 
Corn oil 126 
Cottonseed oil 128 
Cracking oils 239 
Creosote oil 20^ 

Ocsols 204 
Critical temperature of dissolution 

75 

Croton oil 132 
Crotonylenc 23 
Crude petroleums 196 
Crushing rolls 212, Plates Xlll, 
XVI 

Curcas oil T32 
Cyclic hydrocarbons 24 
acids 49 

Cylinder oils 199, 247 

Dalican (titci te>t) 70 
Datujic acid 35, 39 
Dccolonnsing of oils, see under 
Bleaching 

Deeley, Archbutt and 73, 74 
Decane 19 

Decortication 212, T43, Plates VII, 
XT. XII 

Decan apthene 25 
I^ccylenc 22 
Decylthiopliane 28 
Density of oils 68 
Destructive distillation 238 
Diacetin 10 
Diarachin ii 

Diatoms aifd petroleum 195 
Dibasic acids 57 
Dibrassidin ii 
Di bromides of acids 86 


Dibutyrin 10, ii 
Dicerotin ii 

Dichromate, bleaching with 222*- 
Dierucin 1 1 
Digesters 210, Plate II 
Digitonin 62 
Digl^^ccrides 6, 10, ii 
Diglycerol 60 
Dihydric alcohols 57 
Dihydroxybchenic acid 55 
Dihydroxygadoleic acid 55 
Dihydroxylated acids 35 
Dihydroxypalmitic acid 
Dihydroxypalmitoleic acid 3^ 
Dihydroxypclrosclomc acid 35 
Dihydroxystearic acid 54. 53 
Dih\ droxystearidic acid 33 
Dihydroxytiglic acid 54 
Dilaiirin it 
Dimellism it 
D inicthylbutane 19 
Dimetliylpiopane 19 
Dimyristin ii 
Diolein ii 
Dipalmilin 
Diphenyl 203 
Dippcl's oil 2 
Dincinolcic acid 33 
Disleann ii 
Distillation 2^1 
destriulive 238 
of brown (oal 2^5 
of coal tar 239 
of grease 183 
of illuminating oils 236 
of lignite 2.|5 
ot lubricating oils 2^6 
of naphtha 246 
of petroleum 230 
of shale 234 

of turpentine (olco-re^in) 252 
steam 2 39 

under reduced pressure 233 
Di'itilled grease 183 
grease stearme 185 
olemc 185 

Distribution of petroleum it(3 
Distribution valves Plate XXV’I. 

Disulphide of carbon 15, 73, 210 
Docosane 19 
Dodecanapthene 25 
Dodcrane 19 
Dodecylene 2 ^ 

Doeglic acid 37 
Dolphin oil io<) 

Doolittle visccmietcr 73 
Double melting point 12 
Drying fats 1O4 
oils 1 12 

Dutch press 21 1 
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Dynamite 6i 

Ecwrthnut oil 138 
Edgerunners Plate XV 
Edible fats 71, 87, 232 
oils 70, 81, 88 
Egyptian cotton oil 128 
Eicosane 19 
Elaeomargaric acid 48 
Elaidic acid 44 
Elaidin test 77, 83 
Elevators Plates III, V 
Emulsions 15 
oil 219, 246 
<vax 185 

Engler viscometer 73 

E(j.zymes, action of 16 

Equivalent, saponification 84 

Erucic acid 47 

b'rucin 1 3 

Essential oils 2, 3 

Esters 3 

of glycerol 61 • 

Ethane series of hydrocarbons 19 
Ether 15 • 

as solvent 15, 75, 214 
Ether, petroleum 15, 75, 2x6 
Ethylene 22 

Ethyl esters of fatty acids 37-40 
Ethyl propane rq. 

Eutectic mixtures 35 
Experimental filter press Plate 
XXXIT 

Expression of oils 21 1 
Extraction of oils 214-2x6 
Extraction plant 216, Fig. 33, 
Plates XXIX. XXX 
Extractive matters in oils 5, 217 

Fahrenheit scale Tables T and 1 1 
Farina, see Staich 
Fat, bone xGy 
butter 172 
mkanyi 14 
wool 184 
Fats animal X63 

animal drying 164 
animal non-drying 164 
cliocolatc 152, X5q 
edible 7X, 87, 232 
expression of 21 x 
properties of. Chapter I 
refining of. 217 
rendering of 210 
saponification of jo 
, vegetable X4q 
•FatPty acids 33 

.determination of fiee 87, 88 
insoluble bromide value of 85 
insoluble 33 
insoluble volatile 87 


Fatty acids, liquid 33. 86 

mean molecular weight of 84 
non-volatile 33 
oxidised 54 
saturated 79 
solidifying point of 70 
solubility of 36, 37 
^soluble volatile 86 
unsaturated 79 
volatile 86 
Fatly acids 

stearic series 35 
oleic series 40 
h nolle series 47 
linolenic series 4(1 
cliipanodonic sciics 50 
ricinoleic sc ies 51 
hydroxylatcd scries *50 
chaiilmoo^ nc senes 49 
slearolic series 56 ^ 
dibasic 57 * • 

Fatty oils 5 

Ferments, action of 30 • 
logging of soap 7X 
Filter yu'csscs Plates XXXITI- 
XXXVI 

Filtration of oils 218 
of j araffin 248 
F'ish oils 98 
Idsh stearine, roo 
I'lsh liver oils 102 
Fixed oils 3 
F'lash point 76 
Flavour of oils 5, 142 
F'lax plant 115 
inuofanthrene 203 
Fhioivne 203 
Fluorescence 196, 25S 
Foots 130, 219 
Fos'jils and petroleum X05 
Foxy discoloration 222 
F'ractional distillation 23 y 
Free fatty acids 87, 88 
Freezing point of oils 70 
Fuel oils iqo. 2J2 
Fullers’ earth 218, Plate XXXV 

Cadole acid ^7 
(laliciaii oils 107 
Clas, illummating 196 
Gasoline xq8, 201 , 

Gengr.^phical range of pctrolcui'g 
195 

Germany, lignite in 20 t 
bitumen weaves from iqo 
Gingelli oil, sf'o Sesame oil 
Glacial acetic acid lest ^75 
(ilycendes 5-17 
Glycerine 30 61 
Glvceroxides (lo 
Glyceryl arsenite 61 


F, & w 


18 
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Glyceryl esters 6i 
trinitrate 6i 

Glycolic scries of alcohols 57 
Glycols 8 
Grease, animal 167 
bone 167 
cart 258 
distilled 185 
recovered 185 
wool T85 
Yorkshire 185 
Greaves 210 
^ Ground nut oil 13S 
‘ Gumming of oils 81 

Handpicking olives 142 
Halphcn test 78. 129, 164, 233 
Hardened fats Chapter XX 

diflference from natural fats 232 
Hard soap, 71, 8t, 84, 88, 90 
Heat, action of on oils 15 
Heat of bromi nation test 82 
Hemp seed oil 120 
Henderson cooler 247 
Heneicosane 19 
Hentriucontane 19 
Heptadecane 10 
Heptanaphthene 25 
Heptane 19 
Heptylene 22 
Heptylthiophane 28 
Herring oil 102 
Hexacontane 19 
Hexacosane 19, 206 
Hexadccane 19 
Hexadecylene 22 
Ilexadecylthiophanc 28 
Hexahydroxystearic acid 55 
Hexanapthene 25 
Hexane 19 
Hexatliiophane 28 
Hoxine 23 
Hexylene 22 
Hot expression of oils 212 
Hydralitc 224 

Hvdrauhc presses 213, Plates XIX, 
XX. XXII. XXTtI 
pumps 213, Plate XXIV 
accumulators 213, Plate XXV 
Hydrocarbons 4, 18-28 

ethane senes (paraffins) 19 
ethylene series (olefins) 22 
acetylene series 23 
naptbene series 24 
benzene senes 25 
in waxes 183, 18G, 190 
in paraffin oil Chapter XVI 
in paraffin wax 206 
in ozokerite 207 
Hydrogen, production of 
electrolytic 232 


Hydrogen, iron-sponge steam pro- 
cess 232 

Hydrogen, action of on oils lO 
Hydrogenated oils 64 
detection of 65 

Hycjrogenation of fats 225- 233 
analytical aspects of 233 
technical aspects of 232 
Hydrolysis 29, 30 
of oils 29 
Hydrometers 68 
Hydrostatic balance 08 
Hydrosulphites 223 
Hydroxy acids 50 
Hydroxylated acids 50 
Hydroxystearic acid 55 
Hydroxystearosulphuric acid 43 
Hypogaeic acid 42 

Ignition point of oils 76 
lllipe butter 15 1 
Illuminating oils 246 
petroleum 199, 250 
shale 201, 250 
lignite 202, 2 so 
Injection of liquid fuel 242 
Inner anhydrides 50 
Insect wax 188 
Insoluble fatty acids 33 
Insulation with bituminous pro* 
ducts 19 1 

Iodine, action on fats 17 
in cod liver oil 103 
Iodine value 79-82 
theory of 79 
technical aspects of 80 
Iron as catalyst 231 
Isanic acid 40 
Isobutane 21 
Isocholesterol 62 
Isolinolenic acid 49 
Isolinusic acid 55 
Isomerism 20, 21, 23, 26, 27 
Isoricinoleic acid 54 

Japan fish oil 100 
Japan wax 156 
Japanese sardine oil 100 
Japanese wood oil 118 
Japanic acid 54 
Java petroleum 198 

paraffin wax 206, 207 
lean and Amagat refractometer 73 
Jecoleic acid 47 
Juniperic acid 51 

Kaolin 218 
Kapok oil 128 

Kayser apparatus for hydrogena- 
tion 230 

Kerosene 199, 246, 250 
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Kettle for oil expression 212, Plate 
XVII 

Kidmiey fat 167 
Kiesclguhr 231 
Kirschner value 173 

Lacquer, Japan T13, 120 
Lactones, formation of 50 
Lanoceric acid 54 
Lanocerin 185 
Lanolin 185 
Lanopalmic acid 51 
Lard 165 
oil 147 
stearin 167 
l.auric acid 38 
rin 13 

Leaf lard 167 

T^eather currying 100. 108. log 
Lecithin 14, 65 
Lewko wit sell, Preface 
Liebermann Storch reaction 99, 
101, 115, 256 • 

Light, elTcct of on oils ih 
bleaching with *22 \ 
polarised 52 
I,ignite 190, 201 

distillation of 190, 201 
tar 201 
wax 190 

Lignoceric acid 39 
Li g mine ig8 
Limonenc 25^ 

Linolemc acid 49 
Linolenin 13 
linoleum 1 r 7 
Linolic acid ^8 
Tanolem 13 
Linoxyn 1 1 7 
Linseed oil 113 
Linusic acid 56 
liquid fatty acids 79 
fuels 199, 200, 242 
Livache test 8 ’ 

Liver oils T02 
Liver-lecithin oleic acid 47 
laibncating oils 199, 20T, 202, 246 
Lycopodic acid 42 

Magnetic separator 21 1 
Maize oil t 26 
Margarine 132-, lOi, 171 
Marine oil group 95 
Marine engines, lubricating' 144 • 
Maumene test 82 
M^zut, see Astatki 
•^'Mtats” 212 
^Meiene 22 
Mclissic acid 40 
Melissin 1 3 
Melissyl alcohol 38 


Melting point 69 
Menhaden oil 98 
Metallic soaps 30 
Meteorites, ozokerit in 194 
Methane 19 
Methyl propane 19 
Microscopic examination iSO 
Milk fats 171 , 

Milft, oil 21 1, Plates IV, V, \'l 
Mineral oils 

chemi§<tePy of 18-28 
constitution of 18-28 
technology of 196 -204, 210-250 
Mineral waxes 

chemistry of 206-208 
constitution of 206-20S 
technology of 248-230 
Alkan)'! fat 14 t 

Moibturc, effect on oils 16 
Molecular weights of fatty acids 

37. 84 • • 

Monoacetin 0 
Monobiityrin 9 
Monocerotin 10 
Monoformin 9 
Monoglyceridcs 6, 9, to 
Monohydric alcohols 57 
Monoh/droxylated acids 51 
Monolaurin 9, 10 
Monomehssin 10 
Moiiomyrislin 0 
Mono-olein 10 
Monopalmitiii 10 
Monostearin to 
Montanic acid 40 
Montan wax T90 
Mowrah butter 150 
Mucilage 130 
Mustard oil T37 
Mutton tallow 169 
Myriciii 186 

Myricyl alcohol, see Mchssyl alcohol 
palmitate 38 
Mynstic acid 38 
My list in 13 
Myristopalmitooloin 14 
Myrtle wax 157 

Naphtha 204 

in extracted meal 214 
Naphthalene 204 
Naphthols 203 
Nascent chlonne 223 
Nascent oxygen 220 
Neats foot oil T46 
Neutral lard 167 
Neutral oil, determination oi 88 
Nickel • 

as catalvst 231 
in edible fats 232 
detection of 232 
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Nickel carbonyl 231 
Nij^or seed oil 124 
Nitric acid, action on fats 17 
^ esters glycerol 61 
test for cotton <ji1 129 
for refining bitiimen wax iQi 
Nitrous acid, action on fnts 17 
in ( Uiidin test 83 t 

Nondecane 10 
Nondrying oil group 
Nnnglyccrides 3 
Nonocosane 206 
Nonylenc 22 
' Nonylic acid 41 
Nonylthiophane 28 
Normal hydiocarbons 20 
Nermann’s patent 228 
Nutmeg iSiitter 152 

Occurrence ot petroleum 191 

Octane ' 19 

Octocosane 20O 

Octodocane 19 

Octodcryl alcohol S 7 

Octodec>lcne 22 

Octohydrox^ lated acids 5 ^ 

Octohydroxysteaiic acid 55, 56 

Octonaphtheno 25 

Octylthiephanc 28 

Odour of fats 3 

Oenanthaldehyde 16 

Oil 

almond 137 
apricot kernel t 
aracliis 138 
arctic sperm 180 
bean 1 2 1 
hone 160 
candlenut 120 
castor 143 
chaulin()Ogra jo 
Chinese bean 12 1 
Chimse tung 118 
coast cod 104 
cochin lOi 
coronnt T 30 
codliver 103 
colza T 35 
copra 161 
corn 126 
. cotton seed 1 28 
croton 1 32 
ciircas 132 
datura 35. 39 
dolphin TOO 
earthnut 13^ 
gingellf. see sesame 
ground nut 138 
hemf) seed 120 
herring 102 
horses' foot 146 


Jamba 137 
Japan fish 100 
Japanese sardine 100 
Japanese wood 118 
lard 147 
maize 126 
menhaden 98 
mowrah seed t 50 
mustard 137 
neats foot 
niger seed 12^ 
olive 130 
palm T54 
palm kernel 158 
palm nut 158 
peach kernel 137 
penlla 113 
poppy seed 122 
^Kirjwise T09 
rape 135 
ravison 135 
rice 140 ' 
salmon 102 
sardine kk) 
seal U)0 
sesame 

shark liver 105 
shea 150 
sheeps’ foot 1^6 
soya bean 121 
sperm 178 
stilhngia 153 
sulphur olive i 12 
sun How er 124 
tung 118 
w'alnul 120 
whale J07 

Oil cakes 212-21 p Plate XXI 
of turpentine 251 
mill plant 211-213, Plates IV 
to XXVIT 

Oils 

animal 146 

blown St, 109, 131 

blubber 105 

boiled 117, Plate 1 

burning 2.^^ 

coal tar 202 

cylinder 190. 247 

demargarinating, srr racking 

drving 112 

edible 70, 81, 88 

fish 98 

illuminating 2.|0 
liver 102 

lubricating 190. 201, 202. <^246- 
marine 95 • i 

mineral Chapters XI, XXI 
nondrying 134 

paint '80. H7, 119, 120, 123, 124 
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Oils 

properties of 5, 15 
•refining and bleaching of 

1. natural 217 

2. mineral 245 
rosin 258 

salad 70, 81, 88, 132, 140, 142 
seinidrying 125 
Oleates 43 
Oleic acid 

conversion into elaidic acid 42 
conversion into pahnitic acid 38 
conversion into stearic acid 43 
Oleic acid series 42 
Olefines 22 
Olein 13 

Ofeodipalnritin ip 153. 170 
Oleodistearin 14 
Oleopalinitobutyrin 17^ 
Olcopalniitostearin 170 
"Olco-oil” 1 71 
Oleorefractomcter yj 
“Olco-sie inn ” 171 
Olive oil 140 
Open test 76 • 

Opliral rotalion 52 

Ostatki, see Astatki 

Oxidation products of fatty acids 54 

Oxidised acids 55 

Oxygen absorption test 82 

Ozok^erite 

occurrence 207 
production 245 
properties 208 
refining of 240 
uses of 2 oH 

Ozone action on fats 221 
Paint oils 80, 117. 119. 120. 123. 

T2 ^ 

Palladium as catalyst 231 
Palmitic acid 38 
Palmitin 13 

Palmitodistcann 170 
Palmiloleic acid 42 
PaliTiitolic acid 
Palm oil 154 
kernel oil 158 
nut oil 158 
wax 184 

Paraffin scale 248 
Paraffin wax 2o6, 248 

occurrence in petroleum 206 ^ 
properties of 207 
refinement of 24P 
separation of 247 
Sweating 248 

^Paraffin scries of hydrocarbons 19 
Paradihydroxystearic acid 33 
Parvoline 203 
Peach kernel oil 137 


Peat wax igi 

Pennsylvania petroleum lyo - , 
Pensky Martens flash point 76 
apparatus 76 
Pentachlorethane 216 
Pentacosane 206 
Pcntadecanaphthene 25 
Pe^|tadecane 19 # 

Pentatricantane 19 
Perboraf^ 222 ' 

Pcrcarboffffes 222 
Perchloretliylei'O 216 
Persulphatcs 222 
Petrol 198 
Petrelciim, i rude 
character of 196 
distribution ot 193 
nature and oc■alr^en^^ «»f 194-5 
statistics of 193 
yield of products from Chapter 
XVI 

Petroleum ether i 75, 2T0 
jellv 207 

naphtha 19S 199, 2c;, 2 |o 
spirit 19S, T99, 230 
Petn'selenic arid .] 7 
Pelroselenohc acid 5(> 
Phenai.threnc 203 
Phenols in coal tnr oils 204 
Pliosphatides 1 1 

Phosphorus as catalyst poison 228 
Pliysetoleic acid 42 
Phyucal methods of examining oils 
and fats Gy 
Phyfoslerols 17 O3 
Phy’ostcrvl acetate test 141 
Pirenc 203 
Picnumelers b8 
Pine oil 238 
Pircne 25 ^ 

Pinolin 257 

Platinum as catalyst 231 
Poiseuille’s formula 74 
Poisoning of f^atalyst 228 
Polarimetric examination (d oiN 52 
Polenske value 87 
Polishes 72, 157, 184, 187, rS8, 191. 

257 

Polv^glycerols (>'> 

Polymerised tung oil it.S 
Polymerisation 15, 2^ 

Poppy, seed oil 122 

Premier jus 171 

Premier oil mill 213, Plate IV 

Propane 19 

Propylene 22 

Pscudociimene 27 

Pumice 23 T 

Pyrene 203 

Pyridine in Halphen test 129 
in mineral oils 203 



imzK 


27% 

l^r^boric metals as catalysts 231 

^umoline 203 

Racking" oils 105 
Rancidity 16 
Rape oil 135 
Rapliia wax ]|^84 
Rapic acid 47 
Rayison oil 135 « 

Recovered 

Redwood viscometer 73 
Refining oils 

1. animal and vegetable 217 

2. mineral 245 , 

Refractive indices of fats 60. 72 

table of 72 
Reiractom^lcr 
Abbe 73 

Butyroiefractometer 73 
()leor<^fi*actometer 73 
Pulfrich 73 
Reichert<Meissl test 80 
Regenerated turpentine 254 
Kenard’s test 78, 139 
Rendering oils and fats 210 
Renovated butter 174 
Residuum, see Astatki 
Retene 203 
Ricc oil 140 
Ricinelaidic acid 53 
Ricinoleic acid 51 
Kicmolein 1 2 

Kicinoleosulphuric acid 53 
Ricinostearolic 56 
Rolls, crushing 212, Plates XIII, 
XVI 
Rosin 255 
oils 258 
spirit 257 

Rotatory power 67, 75 
Kubidine 203 

Rumania, petroleum oils of iqS 
Russia, petroleum oils of 190 
Russian turpentine 252 

recognition of in American 252 

Sabmic acid 51 
Salmon oil 102 
Saponification 

of oils, etc 30 
products of oils 29-63 
* equivalent 84 
\ allies 8 \ 
values table 84 
" Saponifier” 30 
Sardine oil 100 
Sativic acifT 56 
Saturated acids 32 
hydrocarbons 22 
Scale, paraffin 248 


Screw press 210 
Seal ou 106 

Seaweed and petroleum 195 
Sebacic acid 57 
Semidrying oils 125 
Sesame oil 131 
Sesamin 131 
Shale 243 

mining 243, 244 
retorting 244 
Shale oils 200 

refining 245, 24G 
yields 201 
Shark liver oil 105 
Shea butter 150 
Sliceps’ foot oil 146 
Sigmasterol 63 
Silver nitrate test, see Becchi 
Sisosierol 63 
Sisostcryl acetate 141 
Soaps 

soft soaps 71, 81, 84, 88, 90 
figging of ‘ 71 

Soapmaking 71, 81, 84, 88, 90 
Solid acids 7cj«- 
fats 148 

Solidifying points of fatty acids 70 
technical aspects of 70 
Solubility 36 

of fatty acids 81 
table 70 
of oils 15, 66 
of oleates 43 
Soluble fatty acids 86 
Soluble volatile fatly acids 87 
Solvents, volatile (ni 
Soya bean oil 121 
Specific gravities of oils, etc,, 68 
table 68 

technical asjiects 68 
Spermaceti t88 
Sperm oil 178 
Stamper press 21 r 
Stearates ^9 
Stearic acid 39 
Stearic acid senes 36 
Stearin 13 
Stca lines 15 
bone 169 

distilled grease 185 
whale 109 

Stearodipalmitin 14, 170 
Stcarolactone 55 
9learolic acid 56 
Stearolic series of acids 56 
Stearols 61 

Stereoisomerism 44. 46 
Stills petroleum 239-242 
American 240 
continuous 241 
Russian 241 



Suberic »d4 97 .. ..j../,, 

s“'"K’;s S'« 

s„lp)„..vy a<'^ , ,j 

^rtlphur ■> 

Sul'^mt' W otW' . action on Ute M . 

Sulpto compounds m peUoVenvn 

2d 

SulpUur olive oil 142 
‘ SultjJiuric acid 

action on fats 17 
esters of glycerol 61 
•action on oleic acid 41 
action on ricinolcic acid 54 
Mannienc test 82 
treatment of bitumen w.ix 19 1 
Sumatra petroleum 200 
Sumatra petroleum ojjs 200 
Sunflower oil 124 
Sylvestrine 253 
Synthesis of oils in nature 3 

Tallow 

beef 169 
Borneo 152 
Chinese vegetable 153 
Japan 156 
mutton 169 
whale 109 
Tar oils 202 
Tariric acid <9 
Temperature reactions 82 
Tcrebenc 251 

rcstrup apparatus for hydrogena 
tion 229 

Tctrachlorethane 2 1 6 
Tctracosane 2o() 
Tetradecaiiaphtlieiie 25 
Tetraclecane 19 
Tetradecylene 22 
Tetrahydroxylated acids 56 
Tetrahydrox> stearic acid 55 
Tetravalency of carbon atom 20 
Therapic acid 103 
Thermal tests 

with bromine 82 
with sulphur chloride 82 
with sulphiiric acid 82 
Thiophene 203 
Thiotolene 203 
Tiglic acid .12 
Titer test 70 

• table 70 

• ’technical aspects of 70 
Triacetin 1 3 
Triarachin 1 3 
Tributyrin 13 



Xfioui^ ^ 
tri4ecaii« 

g mvxeA u> ' A 

simple II j < 

Trihydroxylaled fatty acids 50 
TrihydroxybTcaric acid 55 
Trilaurin 13 
Tri in elissm 13 
Triinyristin 13 
TrincineUidin 13 
Triricinolein 13 
Tripalm It 111 13 
Tristearin 1 3 
Tung oil II ‘8 * 

'I'lirbidity tempe’*atiirc 75 
Turpentine 

chemical composition 253 
propel ties 2 53 
sonr c 251 
v.'rieucs 252 

Twaddell hydrometer (') 3 , 2bi 
Ubbclohde’s melting point metliorl 

69 

nitra-violct Vays 22 \ 

Undecanaphthenc 25 
Cndecane lO 
IJndecylcne 22 
I ' ndec'ylthiophane 28 
Unsaponifiable matter 89 
Unsaturation 31 ’34 

Vacuum distillation 238 
Valcncv 31 
Valcnta test 75 

mcHliricaiion ot 75 
Vale lie aedd 3S, 37 
^^lpour pressure 235, 230 
Vaselir 3 207 
Vegetable fats 

detection of 62, 92 
distinction between and animal 
C'2, 65, 92, 164, 233 
fats 1 50 

Vegetable oils 112 
waxes 182 
Viscometers 73 

Viscosity 67, 73 

technical aspects of 74 
Volatile fattv acids 86 

Walnut oil 120 


C'! Wp^x ' 


definition of 3 . 7 
polishes 72. 157. 184, 187, 188 
^ 191. 254. a57 

5*ax, bees’ 185 
' (iandelilla 184 
canesugar 184 
camaiiba < T82 
Chinese 58 
, flax 184 • 

Gondang 184 
insect 1 88 
japan 156 
lignite i()0 
montan 190 
m^Ttle 157 

ozokerite 207, 208, 249 
Wax, palfn 184 
paraffin 206, 248 
raphia 184 
wool* ^84 

Waxes, animal 184 

chen.*''al composition of 3» 7 


Waxes 

liquid 178 
mineral, 206-208 
production of 209 
solid 182, 190, 206 
refining of 178-188. 248-250 
Wedge press 210 
Westphal balance 68 
Whale oil 107 
oleine 109 

Wood turpentine 252 
Wool fat 184 
pitch 185 
wax 184 

Xylenes 25 

Yields of jietrolcum, etc. 25(V. 
Yorkshire grease 184 
Youngs and Beilby retort 244 

Zeiss butyrorefractometer 72 
Zinc chloride 219 
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